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Fluke. First Family of DMMs.

When accuracy, performance and value
are important, professionals the world over
look to Fluke — the first family of DMMs.

Reliable Fluke-quality 3%2- or 4%2-digit
DMMs fit every need — from design en-
gineering to industrial troubleshooting.

There’s the low-cost 70 Series — the
most DMM you can get for the money. The
tough 20 Series — totally sealed and built
to survive the dirtiest, grimiest, roughest
jobs. The reliable 8020B Series — made
to withstand the rigors of the field service
environment. The precise 8060A Series —
the most powerful and complete test and
measurement system available in a hand-
held package. And, of course, the versatile
Bench/Portables that carry on the Fluke
tradition for precision and durability in
lab-quality bench instruments.

Fluke comes in first again with the
worid's largest selection of quality ac-
cessories to help extend the capabilities of
your DMM even further.

There’s no need to look anywhere else.
Uncompromising Fluke design and lead-
ing edge technology are the reasons why
attempts at imitation will never fool the
millions of professionals that accept noth-
ing less than a Fluke.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE

FEILMEASCO

Instruments Pty. Lud.

Talk to your local Eimeasco distributor about Fluke

* AC.T. John Pope Electrical (062) 80 6576 » J Blackwood & Sons (062) 80 5235 « George Brown (062) 80 4355
e NS.W., Ames Agency 699 4524 « J Blackwood & Sons e George Brown 519 5855 Newcastle 69 6399 » Bryan Catt Industries 526 2222
¢ D.G.E. Systems (049) 69 1625 « W.F.Dixon (049) 69 5177 » Ebson 707 2111 » Macelec (042) 29 1455
» Novacastnan Electronic Supply (049) 62 1358 « Obiat Pty Ltd 698 4776 « Petro-Ject 569 9655 « David Reid 267 1385  Selectroparts 708 3244
* Geoff Wood 427 1676
* N.TERRITORY J Blackwood & Son (089) 84 4255, 52 1788 » Thew & McCann (089) B4 4999
e QUEENSLAND Auslec (07) 854 1661 « Petro-Ject (075) 91 4199 « St Lucia Electronics 52 7466 e Ciiff Electronics 341 4655
. L E.Boughen 369 1277 « Fred Hoe & Sons 277 4311 ¢ The Electronics Shop (075) 32 3632 » Thompson Instruments (Caims) (070)51 2404
Protronics 212 3111 e Trio Electrix 212 6235 e Industrial Pyrometers 352 3688 e J Blackwood & Sons 46 0391
. Petro Joct 363 1353
o TASMANIA George Harvey (003) 31 6533 (002) 34 2233
o YICTORIA Radio Pans 329 7888 « George Brown Electronics Group 878 8111 « G.B. Telespares 328 4301 « A W.M. Electncal Wholesalers
 Petro-Joct 419 9377  J Blackwood & Sons 542 4321 « R.K.B. Agency 29 7336 « Sirs Sales (052) 78 1251 « Mektronics Co 690 4593
¢ Truscott Electronics 723 3094
e WAUSTRALIA Atkins Cartyle 481 1233 « Dobbre Instruments 276 8888 e Protronics 362 1044



ANOTHER EVENTFUL YEAR has passed! It's now three years since [ set the wheels in motion
to launch Australian Electronics Monthly, two and half vears since our first issue appeared.
We've overcome several hurdles since that time, especially during the past year when the
issues were published late for some months. We now have the magazine back on time and our
circulation’s growing apace. We're very gratified to see such reader support!

Over the past few months we have been planning features and projects for next year and 1
can say we have some exciting things coming up! As is our philosophy, everything we do must
be of a practical nature -- articles and projects you can use, now and in the future. The success
of this philosophy is borne out in the popularity and durability of a number of our feature pro-
jects — like the AEM3500 Listening Post, the AEM6000 Series hi-fi projects, the AEM4504 and
4505 Speech Synthesizer projects and the 4600-series modems. We broke “new ground” with
a couple of projects this year, such as the AEM3505 Satellite Data Decoder. and we'll continue
this trend in the coming vear, as well as continuing with projects in perennially popular areas
of interest. particularly projects for newcomers. The “Novix” project we've already spoken
about. and we're currently discussing a range of interesting project ideas with designers and
suppliers.

In features, we’'ll be looking at a whole range of areas, keeping you abreast of developments
in the industry - particularly new products and new techniques, as well as updating you on
the “traditional” topics of interest. Reader reaction to our new “Semiconductor Scene” col-
umn has been gratifying - we'd like to hear more about what you'd like to see here.

We look forward to an exciting vear - bicentenary and all, in 1988! With that, all of us here at
AEM wish you, too. an exciting and prosperous vear. Best wishes for the season.

o

Roger Harrison
Editor
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Our Graphic Equalizer project
features this month. Design
Val Harrison.

PROJECTS
TO BUILD
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AEM6507 One-Octave
Equalizer
................... 62

Whether your application
is in domestic sound
equipment or professional
sound reinforcement, this
one-octave graphic
equalizer will be ideal.
Designed in a modular
form, it is readily
adaptable to existing
equipment or new
designs.

AEM3015 HF Antenna
Balun

This simple and
economical balun is
suitable for feeding all
sorts of balanced HF
antennas with unbalanced
feedlines such as coax. It
is ideal for use with the
aem3014 Trap Dipole.

AEMA4509 Teleprinter
Interface

This clever combination of
software and hardware
allows a cheap solution to
obtaining hard copy from
your computer. The C64
software described has
some great “bells and
whistles” and the interface
hardware is easily
adaptable to a variety of
computers and
teleprinters.
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CIRCUITS &
TECHNICAL

Filter Design — without
fears or tears, Part 3

This month: Chebychev
filters

® -

r ? I) 4
wr o | T
Semiconductor Scene
.................. 106
News and notes on what'’s
happening in
semiconductors.
ELEKTOR
IN
AEM
Contents .......... 33

Infra-Red Transmitter —
Receiver

A complete long range
communications project
using Infra-Red energy.

SSB Receiver
................... 52

A high performance single
sideband receiver for the
20 metre and 80 metre
amateur bands.

The Birth of Satellite
Communications

This article traces the
development of satellite
communications in the UK
and details the changes
seen at the Goonhilly
Downs earth station since
the time of Telstar.

PRACTICAL
COMPUTING

Teleprinter Interface with
C64 software

If you would like hard
copy, but can’t afford a
printer — this project allows
the use of surplus
teleprinter machines for a
cheap alternative. The
C64 software described
has some very useful
features and overcomes
many teleprinter
limitations.

Set porometers I
a) Commynications Port
b) Speed (Baud Rate)

) Parit gv

) Dato Bits

) Sfoﬁ Bits

2 Backspace

2 Linefeed toggle
) Terminal Type

) Hodem sequ

) File traonsfer protoco!
) Rernit parameters

) Screen dump file name
mn) Video mode and colors
n) Hiscellaneouvs i

| s) Execute Script file

w) Write new config file
[4)_Quit setup]

.................. 100
Roy Hill concludes his
discussion on public
domain data comms
Software packages.
SPECIAL OFFER
................... 80

Here's a very special offer
on modem Kits.



COMMUNICATIONS
SCENE

Build a broadband balun
for your HF antenna
................... 74

A simple balun that won't
break the bank. Ideal for
feeding balanced
antennas, such as dipoles,
with unbalanced lines,
such as coax.

The VK2AWI Packet
Radio Bulletin Board

The story behind the
packet radio bulletin board
provided by the NSW
Division of the Wireless
Institute of Australia.

FEATURE

Dave Jeans’ Guide to
Marine Electronics -

Part 2
................... 10

Dave Jeans concludes his
rundown on the latest
developments in marine
electronics equipment.

CONSUMER
ELECTRONICS

Bob Fitzell Reviews
Kenwood's new LS 990
AD loudspeakers - and
comes up with a few
surprises.

NEWS &
GENERAL

News Review

.................... 7
Registry for ideas.
Consumer Electronics
................... 16
New Sennheiser
headphones.

Professional Products
................... 24
New chart recorder.

Retail Roundup
................... 59
Plugpack enclosure.
Bytewide
................... 78
Avtek’s new modem.
Spectrum
................... 68
Kenwood's latest Rx.
Letters
.................. 102
Literature Review
.................. 105
The Last Laugh
.................. 114

NOTES & ERRATA

In “Practical Filter Design” last
month, Figure 2.1 contains an
error. The lower circuit shows a
capacitor at the input marked as
“L1". It should be an inductor. In
our October issue, in “Prac-
ticalities”, the joystick controller
circuit was inadvertently omitted. It
will be included with John East's
concluding article, Part 6.

NEXT
MONTH!

BUILD OUR MIDI-
COMPUTER INTERFACE

With a Midi interface now pretty
well “standard” on a whole vari-
ety of electronic musical equip-
ment, software control of a sys-
tem or setup using a personal
computer is not only feasible,
but offers heaps of advantages
and opportunities for creative
control. This project allows
“getting it all together”, is
economical and simple to
build.

INDUCTORS -
UNRAVELLING THE MYTHS

Intimidated by inductors? No
need. John Day gives a no-
nonsense rundown on coils
and coil winding and
associated RF components —
ferrites and iron powder cores
and coil assemblies.

SOLAR CYCLE 22
-~ ANOTHER BIG ONE?

Last January, we published
"Kiss Your Last Big Sunspot
Maximum Goodbye”. New
research may fortunately prove
that article's prediction wrong!
With the minimum of Cycle 21
passed us {(September last
year), it's apparent the current
cycle is rising faster than
expected — thats good news
for amateurs and DXers!

BUILD THE “PROFILE 4”
4-WAY HI-FI LOUDSPEAKER

Here's a superb four-way
loudspeaker featuring top qual-
ity Dynaudio drivers that give
low distortion and very wide
dynamic range. The simple
crossover preserves good
phase response and transient
performance.

“STOP-MOTION” VIDEO:
INSIDE NATIONAL'S M5

CAMCORDER
National's M5 camcorder offers
a unique feature - “stop-

motion” recording. Malcolm
Goldfinch takes us over the
functions and features of this
top-line machine.

While these articles are cur-
rently being prepared for publi-
cation, unforeseen circum-
stances may affect the final con-
tents of the issue.
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20 MHz
$795"

including probes
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5502-20MHz

5502 - Unbeatable value in a

20MHz CRO
20MHz dual trace
1mV to 5V/div
Signal delay line
o Channel 1 signal output
-off

Variable hol

Sweep magnification

Trigger preset

Single sweep

150mm rectangular CRT
llluminated inner-face graticule
$795 including probes tax exempt

If there's one thing we know about at Parameters, it's oscilloscopes.
Over the last 25 years we've sold some of the best brands. In fact we've
built our reputation and business on giving our customers the best.

Now we've put that experience and knowledge to work developing
our own range of oscilloscopes. Why now? We saw many manufacturers | 5504 - 40MHz for a 20MHz price

moving away from what our customers were asking for. And prices were All the features of the 5502 with 40MHz
simply going through the roof. Instead of genuine performance bandwidth and delayed sweep. $1258
: : . : . e including probes tax exempt
improvements we were seeing gimmicks. In short, we just couldn't find
the CROs our customers needed. So we searched the world and found 6155 - Portable 15MHz
the right company to make our own. Weighs just 4.5 kg and gives you a full
. . . . featured 15MHz CRO you can take anywhere.

The new Parameters oscilloscopes are designed to give you high Inbuilt rechargeable batteries give two

performance and reliability at a realistic price. Everything that matters hours of operation. $998 including probes

is built in - including the probes which the competition ‘forgets’. The tax exempt

gimmicks have been left out. And of course our famous ‘no nonsense’
twelve months warranty covers all models.

The range includes three models that will cover the needs of most Cal l u S n OW

technicians and enthusiasts.

Parameters Pty. Ltd. _

Prices are recommended onty and don't inctude sales tax.

SYDNEY: MELBOURNE: PERTH: MRAME ,Em’"
Centrecourt, 25-27 Paul Street North, North Ryde 2113. 1064 Centre Road, Oakleigh South 3167. 106 Howe Street, Osbome Park 6017. AL
Tel: (02) 888 8777 Tel: (03) 575 0222 Tel: (09) 242 2000
Fax: (02) 887 1283 Fax: (03) 579 0622 Fax: (09) 242 2150

PERFECTION IN MEASUREMENT

FARWAGI 7454




good ideas

Have you ever had a really good idea for something and
then wondered how to promote or protect it? You could
always patent it, but that can be expensive and time consum-
ing. Now there is an alternative. You can register your idea,
invention or creative works with “The Ideas Registry .

The Ideas Registry is an
organisation dedicated to help-
ing clients speedily realise the
maximum potential on their
ideas. ldeas which are regis-
tered are kept secret in such a
manner that not even the trus-
tees have any idea of the con-
tents of your “security
envelope”.

The envelopes have a
recorded date and should it
become necessary to prove the
date of your idea in a Court of
Law, professionally qualified
witnesses are available to prove
the relevant date.

The major difference bet-
ween the Ideas Registry and a
normal patent is that, should
you desire, the Ideas Registry
will promote and market your
ideas or inventions. Your gems
of wisdom can be promoted
both locally and worldwide on
the payvment of a fee. Should
nobody decide to buy your idea
or invention, the fee will be
refunded.

The fees are quite reasonable,
especially when compared to
the cost of taking out a full
patent. Full details of the ser-
vices available, together with
the applicable charges. can be
obtained from: The Ideas Regis-
try, Locked Bag 1, Mortdale
2223 NSW. (02)579 3010.

Now isn't that a good idea!

Australia’slargest
technology event
for Sydney

Australian Exhibition Ser-
vices Pty Ltd will be staging
the first major trade show in
Australia’s new 25 000 square
metre, purpose built Sydney
Exhibition Centre, in February.
PC88, Office Technology 88
and Communications 88 is
expected to attract bigger
crowds than ever before when it
opens on February 7th. The
exhibition will run for four
days, from Sunday to Wednes-
day and will be a major event

during Australia’s bicentennial
vear.

The tenth Australian Personal
Computer Show, PC88, will fea-
ture. The PCshowis held in Syd-
ney and Melbourne each year
and is the largest and most com-
prehensive exhibition of per-
sonal computers in Australia
today.

International exhibitors in
Svdney will include groups
from the UK, Singapore, Taiwan
and companies from Hong Kong
and West Germany. Major com-
panies to be represented
include IBM, Epson, Mitsubishi
Electric  AWA, Imagineering,
Commodore, Sharp. Roneo
Alcatel, Harris Lanier and Tele-
con.

For further information onthe
exhibitions, contact: Australian
Exhibition Services Pty Ltd, 424
St Kilda Road, Melbourne 3004
Vic. (03)267 4500.

Theft from
Dex Audio

Some time between the even-
ing of Sunday 20th and the
morning of Monday 21st Sep-
tember. the premises of Dex
Audio in Melbourne were bro-
ken into and a substantial
amount of professional audio
equipment was stolen.

Dex Audio estimate the value
of the equipment stolen at
around $30 000 and brand
names taken include Yamaha,
Sony. Akai, Denon, Nakamichi
and Teac. Also stolen were two
Dex 120 two-channel power
amplifiers. one of which was a
US model and is the only one of
its type ever produced.

Anyone who might hear or see
anvthingabouta quantity of pro-
fessional, studio-type audio
equipment should contact Dex
Audio at 97-91 Arden Street,
North Melbourne 3051, Vic.
Telephone (03)329 2877. Dex
Audio can furnish a complete
list of the stolen items including
serial numbers and detailed
descriptions.

S S .

P V.

Photovoltaics for
telecomms

The advantages of solar
power in remote telecom-
munications applications are
well known. Apartfromreliabil-
ity, minimal maintenance and
freedom from fuel supply,
photovoltaics are environmen-
tally compatible from both a
non-polluting viewpoint and
electrically. As solar power gen-
eration is pure dc, there is no
possibility that the power sys-
tem will interfere with transmis-
sion or reception.

The wide selection of photo-
voltaic modules from Solarex
allows design for nearly any
application. For  unusual
requirements, such as the Ford
Solar Powered Vehicle, Solarex
is prepared to design and man-
ufacture to suit the need.

 NEWS REVIEW

Solarex can integrate photo-
voltaics with other energy
sources in situations where the
sources can complement each
other, enhancing reliability or
cost-effectiveness. For some
installations, a PV system is
retrofitted to an existing fuel
generator system. In a typical
hybrid application such as this,
the load is supported by the PV
system at all times except dur-
ing extended periods of reduced
sunlight.

Solarex system controllers
select and activate the approp-
riate power source in these hyb-
rid systems, minimizing fuel
use and maximizing system effi-
ciency. The controllers also have
the capability of sending an
alarmsignal indicatingasystem
fault, with sufficient warning to
correct the problem before sys-
tem failure.

For further information, con-
tact: Solarex Pty Ltd, PO Box
204, Chester Hill 2162 NSW.
(02)727 4455.

Two lobes are
betterthan one!

T&T's newly proven digital

microwave system outper-
forms conventional systems
using two antennas by about
500%. This is the claim of AT&T
Bell Laboratories engineers who
have completed trials in the hot,
humid and flat Imperial Valley
of Southern California.

Engineer Ernie Lin says “the
transmission of both voice and
data is virtually error-free. If it
works here in the valley, it will
work anywhere. The test site is
soawful, it's perfect.”

The experimental angle-
diversity system uses one
antenna instead of two and the
antenna tower is simple and
easy to construct. This repre-
sents a substantial reduction in
cost over conventional two
antenna systems, says Adolf
Giger, head of AT&T Bell Labs
Protection and Maintenance
Systems Department.

The new antenna is a
parabolic dish of the same
diameter as existing antennae,
but with a special design that
has two radiation lobes instead
of one.

The new angle-diversity sys-
tem eliminates the performance
impact of atmospheric fading
for all practical purposes. Digi-
tal radio transmission also has
the advantage of being
extremely quiet, like optical
fibre transmission.
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Changes for 1988
PerthElectronics
Show

ajor changes are underway

to make the Perth Elec-
tronics Show an even more
effective voice for the Australian
consumer electronics industry,
we're told in a recent press
release.

These changesarein line with
observations made overseas by
show committee members Bob
Rogers and Mike Goadby and
show manager, Chris Gulland,
who attended Europe's biggest
electronics fair in Berlin in Sep-
tember.

Mr Rogers said a number of
ideas on changes to the Perth
show had evolved from the trip
to Berlin. “The most obvious of
these was improving trade and
industry  commitment to
Australia's  premier  show.
Similarities were seen between
Perth and the Berlin show,
because of Berlin's isolation
from the rest of Europe,” Mr
Rogers said.

The Internationale Fun-
kausstallung Berlin (Audio and
Video Fair) is highly promoted
throughout Europe, with post-
ers at airports and in the streets.

Shops in Berlin devote product
windows totheexhibition using
material supplied by the
organisers. Rail and bus tour
operators from surrounding
cities offer Funkausstellung
weekenders which include an
overnight stay in an hotel and
tickets to the show.

According to Mr Rogers, simi-
lar arrangements in WA would
prove very beneficial to both the
exhibitors and the show. Multi-
ple media involvement, includ-
ing live broadcasts, competi-
tions, give-aways and general
entertainment, were also seento
be a major drawcard.

A number of other specific
recommendations have been
put forward for the 1988 Perth
Electronics show and a full
report of the West German trip
was being circulated to Associa-
tion members.

Aust.

communications

companies play a

partinsolarcar

race

Maior Victorian Codan deal-
ers, Telstat Communica-

tions of Melbourne and Trans-
aus Communications of Cob-

ram, successfully tendered for
the total communications pac-
kage for the jointly sponsored
entry by Hughes Aircraft Corpo-
ration and the Holden Motor
Company in the Solar Powered
Car Race from Darwin to
Adelaide run last month.

A brand new Jackaroo four-
wheel drive was supplied to
Telstat and Transaus to follow
the convoy of vehicles and pro-
vide communications over the
whole course.

The project involved the
design of an HF radio system to
give reliable coverage from Dar-
win to Adelaide, with the base
station located in South Gipps-
land. It was planned to man the
base station 24 hours a day from
October 22 to November 15
1987. A UHF system, complete
with on-road mobile repeater,
was also employed.

All HF radio equipment was
Codan with selective calling
and scanning facilities. The
antenna farm comprised ten 13
metre towers supporting a
number of tuned inverted-vee
dipoles. The communications
vehicles were provided with
three Codan HF transceivers
and antennas with tuned
dipolesand hydraulic pump-up
mast for night time camp opera-

tion.

Road convoy communica-
tions used a mobile UHF repea-
ter. Ten Midland type 70-530C
UHF transceivers were
employed, all provided with
repeater fail “talk-around”
facilities.

One Australian Pacific coach
was used for the press gallery fit-
ted with Codan HF and UHF
mobiles. One rig was interfaced
to a weatherfax printout.

Telstat and Transaus Com-
munications supplied technical
backup by way of road techni-
cians to travel with the convoy,
responsible fortotal radio opera-
tion forthe complete challenge.

7 out of 10
MS people
need your
understanding
...the
other 3
need your
support.

MS

For more information

about multiple sclerosis
contact the MS Society
in your state.

SECOND BIRTHDAY CONTEST RESULTS

Our second birthday contest, run over the July, August and Sep-
tember issues, certainly proved popular with readers. Judging the
winner was a difficult task as all but two entrants got the three ques-
tions correct.

We would like to thank all the entrants for their efforts, some of
which were quite clever and amusing. There can, of course, only be
one winner and we are pleased to announce that W. M. Schumaker
of Hurstville, NSW will receive the prize of the Philips PM2618X/01
digital multimeter.

Congratulations Mr. Schumaker, we are sure that you will be
delighted with the performance of your prize.

The answers to the three questions were:

Q1: A Philips PM3050 dual-trace oscilloscope was the prize offered
by Philips Test & Measurement (Scientific & Industrial) for AEM's 1st
Birthday Contest.

Q2: The last paragraph of Alan Ford's review of the 18 series DMMs
in AEM's February 1986 issue reads: “"Whatever your choice, a
Series 18 DMM will undoubtedly be a handsome and useful addition
to your workshop.”

Q3: The numeric string “166622800" is, of course, the toll-free’
number for Philips Scientific and Industrial in reverse.

We asked entrants to tell us why they would like to own the prize
and we felt that Mr. Schumaker’s response summed up the useful-
ness of the PM2618X/01 DMM very nicely. He wrote “In my job ser-
vicing automatic parking equipment, | use a DMM, analogue mul-
timeter, frequency counter and a logic probe. The convenience of
combining them would make my life much easier.”

We're sure it will Mr. Schumaker. This is just the sort of application
that the Philips DMM has been designed for.

We could not let this occasion pass without a few quick comments
on some of the other entries. Michael Batty of St. lves, NSW caused
some mirth amongst the staff with his poetic entries. Michael's first
entry, sung to the tune of “Comin thro’ the Rye”, reads:

I've got a shoddy meter body,
(it's so bad | cry),

I need a Philips — Yes, O Loddy,
Its a damn good buy.

Michaels second entry was even funnier, unfortunately it made
some rather derogatory remarks about another
manufacturer’s product so we can't print it here.

Our sympathy goes out to L. Triplett of Nelson Bay, NSW, who
writes:

“My television doesn't work. My microwave oven is playing up.
The multimeter is broken and | haven't got a logic probe. My wife is
going crook. | need HELP!"

BIT BLITZER 123 - V21,V22, V23
BLI I Z ER SYNCHRONOUS AND ASYNCHRONOU'S COMMS ONLY /jhh;\ MIKE BOORNE
BELL 212a (1200 bps) & 103 (300 bps) $449 o x ¢ MBE ELECTRONICS
MODEMS Auto-dial, tooe or pulse: Auto-answer: Auto redial, Full Hayes AT command ’1 ° PTY LTD .
set inc. 19 “S” registers: Call progress monitoring: Loop back for remote Suite -_" hl' "»“'lll ~St.
LESS THAN '3 THE B diagnostic: Internal speaker: 10 status and activity LEDs: Low power Roseville 2069 NSW

consumption 1.5 watts: Professional black anodised aluminium case

PRICE OF . . ) ) Perth: 3 Topaz Gardens
COMPETITIVE Bit Blitzer 12E. V21/V22 with all above specs. $349, ex. tax Edgewater 6027 WA
MODEMS Both Telecom Approved (09)306 2056

{02)46 3014. {02)46 3015
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008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS!

Rod Irving Electronics

The cheaper alternative

PANEL METERS

GALORE!

We have a great range ot panel

meters at great prices!

Cat.No. Description

Q10500 MU45 0-tmA
MU45 S0-0/50uA
MUA45 0-100uA
MU4S 0-5A
MU45 0-1A
MU4S5 0-1A
MU45 0-20V
MUS2E 0-1A
MUS2E 0-5A
MU45 VU PMetre
MUG5 0-50uA
MUB5 0-1mA
MU6S 0- 100uA
MUE5 0-20V

Price

TEXTOOL SOCKETS

P17016 16 pin $14.50
P17024 24 pin $14.50
P 17028 28 pin $19.50
P17040 40 pin $22.50

2 il

UTILITY BOXES

Plastic boxes with alumimum tops.
and available in tour sizes Very
popular for projects and very
ecconomical’

H10101 150x30xS0mm

H10102 195x113x60mm

H10103 130x68x4 1mm

H10105 83x54x28mm

H10110 120x65x38mm

H10112 120x65x38mm
{Metal top)

K&W METAL
INSTRUMENT CASES
Used in many projects, these cases

have hammertone finish and are
both versatile and ecconomical
H10478 125 x 40 x 65mm

H10479 150 x §5 x 95mm
H10480 100 x 92 x 130mm

H10481 150 x 55 x 100mm
H10482 200 x BO x 130mm
H10485 255 x 92 x 155mm

H10487 255 x 165 x 155mm 516 95
H10489 305 x 105 x 200mm $16.95

RS232 WIRING
ADAPTOR BOX

® Maie to female

@ 25 Detachable plug on leads

® 2 min( jumpers

® Ideal tor expenimenting of

temporary connections
Cat X15665 Normally $49.95
Only $44.95

HEATSINK COMPOUND
Heatsink compound 1s apphed 1o the
base and mounting studs of
transistors and diodes It maintains
a positive heatsink seal that
improves heat transfer trom the
dewvice to the heatsink thus
increasing overall efficiency

Cat H11800 (10g)
Cat H11810 (150g)

$2 95
$17 50

ARLEC “DISCO LITE"
CONTROLLER

Give your parties a professional

touch with the arlec “Disco Lite

Simply plug your ight(s) nfo the
Disco Lite” and you ve instant party

Iite'

3 DIFFERENT MODES!

Music Mode: Place the "Disco Lite

in range of the speakers and it

flashes the lights 10 the beat of the

music!

Strobe Mode: Simply adjusi 10

desired speed' Great for mxme of

theatre! The christmas season or

advertising'

Dim Mode: Allows you to dim the

lights to create moods eftects etc

Cat M22003 $49.50

OMNI-DIRECTIONAL
WIRELESS mROPHONE
Tuneable: 92 - 104M)

Freq. Response: 50 |5kH1
Range: Over 300 teet in open fiekd
Modulation: FM

Power Source: 9V Battery

Type: Electret Condenser
Dimensions: 185 x 27 x 38mm
Weight: 160 grams

Cat A10450 $19.95

514" DISK STORAGE
Efticient and practical Protect your
disks from being damaged or lost!
Features. ..

® 70 disk capacity

® Smoked plastic cover

@ Lockabie (2 keys supphed)

& Dividers, spacers
Cat C16025 only $14.95

HOOK UP WIRE

Cat. No. Description

W11251 13 12 TND BLK

W11252 13 12 TLD BROWN

W11253 13/ 12 TLD ORANGE

W11254 13 12 TLD YELLOW

W11255 13, 12 TLD GREEN

W11256 13 12 TLO BLUE

W11257 13/ 12 TLD WHITE
PRICES PER 100 METRE ROLL

0.

$5.00

W11260 14 20 RED

W11261 14 20 BLACK
W11265 14 20 BLUE
W11268 14/ 20 WHITE

PRICES PER 100 METRE ROLL

510.00

W11270 24 20 RED
W11272 24 20 BLACK
W11274 24/ 20 GRE!
PRICES PER 100 METRE ROLL

$1 2.00
W11280 32 2 BROWN

W11282 32/ 2 BLUE
PRICES PER 100 METRE ROLI-

52000 51800

“NO BRAND” DISKS!!
Now you can buy absoiute top quality
disks that are also the cheapest in
Australia! They even come with a
5 year guarantee' So why pay
2-3 times the price for the same
quality?

Packs ot 10 0'S D/D without boxes
orbrand name just their white papet
|ackel and index labels

{514 disks includes write protects)

5% " “NO BRAND  DISKS

10~ DISKS 100~ DISKS 1000+ DS

$10°* $9°° $8.50*°
(ALL PRICES PER 10 DISKS)

314" “NOBRAND"™ DISDKSS'

XS
29 $28 $27-50
(ALL PRICES PER 10 DISKS

10> DISKS 100 - DISKS 1000

VERBATIM DISK
SPECIALS!

All prices 10 disk boxes!
Description 19 0
312" 1820
312" 2820
5Va" 1520
514 20120 .
51/a" 2540 .
5%.4" 25HD .

$4950 $48.50
$24.95 $22.50
$29 95 $28.50
$75.00 $70.00
$44.95 $42.95

SAMSUNG 12" 20MHz
COMPOSITE MONITOR
ONLY $149

FEATURES....

® High contrast non-glare screen

® High resalution 80 or 40 character
display

SPECIFICATIONS....

AP
SCOPE 60W SOLDERING
SYSTEM
@ Infinitely adjustable temp 200 Cto
470 C Shding control setects
desired tip temperature (LED
readout monitors tip temp )

@ Safety holder teatures ceramic

burn-proot bush and can be

converted to left-hand-side

@ Soft and cool hand gnp in phable

rubber

® Screw type connector prevents

accidental plug remaoval and

guarantees contacts

® Temperature lock allows

production supemsors to control

soigenng temperatures

® Anti se1ze tip retenhon design

reduces nsk of thread se1zure by

removing locking nut to cooler end of

barrel

® Opticnal 30W soidering pencil is

available for finer work

Cat T12900 Normally $229
SPECIAL, $199

VIFAJAEM

2 WAY SPEAKER KIT!
This exctting new ker kit.
designed by David Tillbrook (&
name synonymous with briliiant
design and performance) uses
VIFA's high perfomance drivers
trom Denmark. You will save
sround $800 when you hear what
you get from this system when
compared to something you buy
oft the shelf with similar
chasacteristics. Call in personally
and compare for yourself!
The system comprises...
2 x P2t Potycone 8" woolers
2 x D2ST Ferrofiuid cooled dome
tweeters with Polymer diaphvams
2 pre-built quakty crossovers
The cabinet kit consists of 2 knock-
down boxes In beautitul black gran
fock with silver batfles, speaker
cloth, innerbond gnll clips, speaker
terminals, screws and ports

D25T SPEAKER SPECIFICATIONS
6

Picture tube: 12° diagonal and 90°
deflection

Phosmor: Available n Green (P39)

o r
Video input signal: Composite
Signat
Polarity: Negalrvo Sync
Level: 0 5V-2 0Vp-p
Scan lng trequency:
Horizomal: 15 734 KHz + 01
Vertical: 60Hz
Video bandwidth: 20MHz
Active digplay area:
216(H) x 160(V)mm
Display character:
80 characters x 25 rows
Input tesminai: RCA Phono Jack
Controls:
Outside: Power Switch Contrast
Brghiness, H-Shift, V-Size
inside: H-Width, H/V hold
HV ineanty. Focus
Power supply: 110/120V 60Hz
220/240V SOHI
Dimension:
SOB(W) x 307(H) x 297(Lymm
weight: 7
Shipping mlqm 83Kg
Cat No Descripsan Prige
X14514 (GREEN $149
X14516 (AMBER $149

e GveGlo

008 33577 TOLL FREE MAILORDER HOTLINE FOR CREUIT CAT

P ohms
Frequency Range: 2 - 24kHz
Free Air Resonance: 1500Hz
Operating Power: 3 2 watts
Sensitivity (1W at 1m): 9008
Nominal Power: 90 Watts

Voice Coil Diametes: 25mm

Air Gap Height: 2mm

Voice Coil Resistance: 4 7ohms
Moving Mas: 3 grams
Weight: 0.53kg

P21 WOOFER SPECIFICATIONS:
Nominal Im, : 8 ohms
Frequency Range: 26 - 4 000Hz
Froe Air Resonance: J3Hz
Operating Power: 2 5 walts
Sonlmvtg (1W at 1m): 92dB
Nominal Power: 60 Walts

Voice Coil Diameter: 40mm
Voice Colil Resistance: 5 8ohms

Weight: 1.65kg

Complete Kit Cat K16020 $799
Speaker Kit Cat K16021
Cabinet Kit Cat K16022

SEMICONDUCTORS!
Always check our prices
before you buy!
19 10+ 100+
MX232 ...$11.50 $10.50
V-20 8MHz $19.95 $17.95
$34.95
$10.95
$8.95
$37.50
SAB6456...P.0.A
2114 $2.95
2716 $9.95
2732 $8.95
2764 $7.95 $7.50
27128 $9.95 $8.95
27256 $11.50 $10.50
27512 $19.50 $18.50
4116 .. $3.95 $3.50
4164 $3.95 $2.95
41256 $7.95 $6.95
5558pin  $0.50 $0.40
. $3.95 $3.75
$7.95 $6.95
$5.00 $4.00
. $2.00
. $5.00
$0.40
INS8250 $29.95
NES534AN $1.95
AWEF7910 $19.95
MEL9501 $29.95 $27.95
SC141D .. $1.75 $1.50
SC151D ... $2.50
555 $0.40
k) $0.50

$2.75
$9.50
$8.50

8087
Genuine Intel chips with manual
and data sheets packed in boxes!
8087-3 (4 77MHz) $269
8087-2 (8MHz) $385
8087-1 (10MHz) $585
80287-6 (6MHz) $475
80287-7 (8MHz) $679

CODE KEY PAD

® Telephone type digital keypad

® Four digit, changeable code

® Over 5000 possible combinations

® Power consumption 5mA standby
SOmA alarm

® Two sector LED and 1 arm LED

® Wrong number kckout

©® 12V DC operation

® Relay output

® Panic button

® Normally open tamper switch

® Dimensions 145 x 100 x 37mm

® ACPJ3 compatible

Cat A13014 R.R.P. $79.95

SPECIAL, ONLY $69.95

ULTRASONIC
TRANSDUCERS

ned to transmit at 40kHz
(LI ) and recetve at 40kHz
(L19991) with up to 20V I/P on the
transmitter These units can t be
heard and 50 are ideal for TV remote
controls, water level detectors.

* burgalar alarms, moton detectors

and information carrers as they can
be either pulsed or used in the
continuaus wave mode
Full specifications below for design
purposes
Maximum Input Voltage: 20V rms
Centre Frequency (kHz): 40+ 10
Sound Pressure Level 10V RMS:
11008 min
Sensitivity (dB/v'ubar} min.:
65 min
Bandwidth (kHz):
Transmit 4 0 (at 100dB)
Recewer S0 (at 73dB)
Impedance:
ransmit 500
Recewver 5000
Cat L19990 (Transmitter
Cat L19991 (Recewer)

$4.75
$475

J

ECONOMY
TRANSFORMERS
215524ov&15v T
Cat M12155  $9.95
2156 240V 6-15V 2A
Cat M12156  $14.95 $13.95
2840 240V 9V CT

Cat M12840  $5.95 $4.95
2851 240V 126V CT 150mA
Cat M12851  $5.95 $5.50
2860 240V 15V CT 250mA

Cat M12860  $5.95 $4.95
6672 240V 15-30V 1A tapped
Cat M16672  $14.95 $13.95

$8.95

PC BOARD HOLDER
Better than an extra pair of hands!
A must for ail PCB work

Cat T12444

ri

Rod Irving Electronlcs
48 A'Beckett St, MELBOURNE
Phone (03) 663 6151
425 High St. NORTHCOTE
Phone (03) 489 8386
Mail Order and Correspondence
P O Box 620, CLAYTON 3168
Telex  AA 151938
Fax- (03) 543 2648

MAIJL ORDER HOTLINE
008 335757
TOLL FREE)

[STRICTLY ORDERS ONLY)

LOCAL ORDERS
& INQUIRIES
[{03) 5437877

POSTAGE RATES

$1 3999

$10 $2499

$25 $4999

$50 $9999

$100 8199

$200 $499

$500 plus

The above postage rates are for

buiky and tragile items will be

charged al different rates

All sajes tax exempt orders and

wholesals InGuiries to

RITRONICS WHOLESALE

56 Renver Rd, Clayton

Ph (03) 543 2166 (3 lines)

Errors ang Dmsmon, excemed
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Guide to Marine Electronics

More pleasure,

improved safety with

marine electronics

Marine electronics has expanded
enormously in the past 12 months. Now
there’s so much more equipment available
to make leisure boating — be it power or sail
— safer and more enjoyable. Dave Jeans
continues his authoritative guide to marine
electronics.

IN THE FIRST instalment, we only had sufficient room to
cover navigation equipment. In this instalment we continue
with communications, performance equipment and enter-
tainment.

Marine communications

In Australian waters marine communications can take place
in three separate services:

® 27 MHz marine band using AM and SSB modes.
o VHF band (156 — 165 MHz) using FM mode.
& MF/HF bands (2 — 23 MHz) using SSB mode.

In addition, survival radio beacons operate on the following
spot frequencies; 121, 243 and 406 MHz.

Communications Equipment
27 MHz MARINE SERVICE

Tagged with the rather grand title of Inshore Boating
Radiocommunications Service (IBRS), “27 Meg Marine,” as
it is more commonly known, is the largest and most success-
ful two-way radio service in Australia. Spurned by many
large vessel owners as a toy, the facilities offered by 27 MHz
marine operation are quite staggering. Tens of thousands of
small craft owners are active on 27 MHz at weekends, com-
municating via hundreds of base stations strung along our
coastline.

Key to success

The key to the success of the IBRS is twofold — low cost equip-
ment, and a minimum of licencing requirements. Developed
from car type CB sets, and thus taking advantage of the low
cost of mass produced goods, the allocated band comprises
ten channels, from 27.68 to 27.96 MHz. AM type modulation
is mostly used, with a sprinkling of stations persevering with
SSB on upper sideband.

Such is the value of operation on 27 MHz that Police ves-
sels, civilian SAR helicopters and all inshore rescue services
use this band. There is more information available on 27 MHz
marine channels about weather and safety matters than onall
of the other marine bands combined.
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Part2 Dave Jeans

One of the great codes of the sea is being able to help
another vessel in difficulties. Fitting 27 MHz in your boat
may allow you to more readily assist a vessel in distress, sim-
ply by having the ability to communicate directly.

True marine sets from CBs

Although adapted from CB sets, manufacturers have gradu-
ally developed true marine radios for the IBRS. Although the
Department of Transport and Communications require the
set to be licenced and of an approved type, no operator certifi-

WEATHERFAX

The onboard reception of weather maps brings together data trans-
mission by radio, microprocessor decoding and facsimile printing.
Welding these diverse techniques into one small cabinet, complete
with radio receiver, has produced a panacea for many a professional
mariner.

Although the pleasure craft demand for such exotic equipment is
limited, world-wide there has been sufficient impetus to bring sev-
eral brands onto the market.

Tasmanian Tom Moffat recently launched his “NaviMate” weather-
fax unit comprising a small Z80 computer microprocessor, a perma-
nently programmed EPROM and a small Brother thermal printer, all
running from 12 Vdc. The NaviMate requires only to be connected
into a stable radio receiver to produce instant weather charts.

A weatherfax chart provides several advantages over conven-




This three channel 27
MHz marine handheld
transceiver from Dick
Smith Electronics is
simple to use, fully
approved and comes
with one channel fitted
for $129. Cat. No. D-1106.

cate is needed. The most common installation operates from
12 volts. but several excellent handheld models are available.

Typical across the water communications range between 5
watt AM sets using quarter wave antennas is 40 nautical
miles. Handheld sets provide upwards of 20 nm range if the
antenna is deployed properly. A good quality 12 volt AM set
costs from $150-200, with swing-down antennas at around
$60.

Operating on any of the 55 marine VHF band channels brings
you into the international realm of “Public Correspondence.”
As a result, the operator must hold at least a Restricted
Radiotelephone Operators Certificate, and of course the set

must be licenced and an approved type. DOTC allow a com-

bined ship station licence, whereby the 27 MHz, VHF and HF
equipment on your boat is covered for one fee.

Traffic control and correspondence

All merchant ships carry VHF and the service provides the
equivalent of air traffic control, in the way of harbour and
coastal traffic control. OTC Coast Radio Stations provide
repeater stations near major ports to extend the range of VHF,
from a ship-to-ship range of about 20 nm to upwards of 100
nm off a shoreline with high terrain.

Public Correspondence is available in the form of spoken
telegrams, through OTC Coast Stations, together with the
facility of being patched into the Telecom network for direct
communications with any telephone subscriber, world-
wide. This service is referred to as “SeaPhone.”

Approval

Marine VHF sets must be DOTC approved. However, this
requirement is easily met by most imported brands. Power
output is 25 watts, with selectable low power of one watt for
harbour working. Antennas are generally small quarter wave
clements or coaxial dipoles.

Many handheld models are available, the latest models
featuring full 55 channel coverage, at 2 W RF output. 12 volt
VHF transceivers cost from $400 up to around $1000. with
handheld sets selling for about $500.

This 55 channel VHF transceiver from
Dick Smiths is typical of many units. It
features an emergency channel
selector and provides SeaPhone
access and costs $469. Cat. No. D-
1400.
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tional forecasts received by radio or TV. The weatherfax machine
can operate unattended. It can receive continually updated charts
from which weather trends can be deduced, and those charts are
more up-to-date than the forecasts transmitted over conventional
radio and TV.

In addition, charts of ocean currents are also available. Transmis-

sions are free of charge to all, and the coverage from AXM in Can-
berra is excellent. Listen out on 5100 kHz anytime to confirm this
point.

On the other hand, conventionally transmitted forecasts are the
result of professional deduction, whereas the weatherfax chart
relies on the yachtsman giving it a correct interpretation.
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Guide to Marine Electronics

Communications EQuipment
MF/HF SSB TRANSCEIVERS

The history of HF/SSB radio in Australia has been a dreary
one of high price and limited channel capacity, up until
recently. Suddenly a metamorphosis occurred. Where the
average set had provided from six to twelve crystal-locked
channels (a frustrating limitation for boat owners, particu-
larly those cruising overseas), overnight DOTC approved the
ICOM 48 channel (synthesized) transceiver. Actually ICOM
had to persevere for almost 18 months with their application
for approval, but their persistence won.

Started arush

A few months later, local manufacturer Wagner Industries
gained approval (after minor modification) for an imported
+USA transceiver, the Stevens 222. This set features 390
channels, 100 of which can be factory tuned to any
authorised user frequency (such as the ham bands). The
software aspect of this set is remarkable.

The whole business was then capped by another local
manufacturer, Codan in Adelaide, who released their excel-
lent 99 channel model 8525-S transceiver. The startling thing
about all of these sets was that they came with automatic
antenna tuners of a most sophisticated type.

Not to be outdone, Wagner released a prototype of their
new locally built synthesized marine transceiver at the
recent Sydney Boat Show. The frustrating aspect of this scene
is that the technology has been around for years, whereby
boat owners could have enjoyed the added safety and service
of these latest sets. It took ICOM to set the pace and open the
floodgates.

The bands

The marine MF/HF spectrum is divided into several bands,
from 2 MHz through to 23 MHz. Most small craft utilise the 2
~ 4 and 6 MHz radiotelephone bands, and it is on these fre-
quencies that routine weather forecasts and navigation warn-
ings are broadcast. by OTC Coast Radio Stations, and by
limited coast stations such as Penta Comstat, located near
Gosford, NSW.

Here is a fully synthesized HF marine transceiver from the
local firm, Wagner. Like all synthesized units, it is simple to
operate, requires no tuning and sports pushbutton channel
selection.
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Local manufacturer Codan were quick to offer this 99 channel
HF transceiver, Model 852-S, once the DOTC approved
synthesized equipment.

Because of the low frequencies used on MF and HF, the
antenna is often a compromise, heavily loaded with lumped
inductance by the antenna tuner. Non-metal hulled vessels
have difficulty providing an effective earthing system.
Nonetheless, communications over distances up to 1000 nm
are routine between small craft and shore stations.

Crystal-locked transceivers providing 10 to 12 channels are
still available from about $2000 including antenna tuner.
Synthesized transceivers such as the Codan 8525-S sell for
$2610 plus the manual antenna tuner at $638 or the auto
tuner at $1874, all including sales tax. Most sets run 100 to
150 watts PEP output, and operate from 12 or 24 volts dc.

Communications Equipment
SURVIVAL RADIO BEACONS

Emergency Position Indicating Radio Beacons (EPIRBs) were
developed in the early 60s for aircraft rescue, but have found
acceptance in small craft over the past five years. These
(lithium) battery powered devices will transmit an easily rec-
ognised swept tone signal simultaneously on 121.5 and 243
MHz, once they are deployed, either on deck or floating in
the water.

The frequencies listed above are continuously monitored
by all civil aircraft (121.5 MHz) on overwater flights, and by
military aircraft on the second harmonic, 243 MHz. Power
output of the beacons is about one watt with a transmit dura-
tion of from 48 to 96 hours, depending on battery type.

Search and rescue

Any aircraft hearing an EPIRB signal immediately notifies air
traffic control, indicating time of first and last reception, and
signal strength. This information enables the Search and
Rescue Centre to estimate the general position of the beacon.

Aircraft fitted with search meters and/or VHF/DF can then
set out for the area to pinpoint the EPIRB location. The search
meter comprises a milliammeter with adjustable sensitivity
control, and is plugged into the VHF receiver, bypassing the
automatic volume control {AVC). The aircraft flies a search
pattern once the beacon is heard, and can generally resolve
the location to within 5 nm. If survivors can use visual sig-
nals this can assist in detection.

The EPIRB’s described above sell for about $170, weigh less
than 1 kg and most have a storage life onboard of at least two
years.

Satellite search and rescue

A recent innovation is an EPIRB which transmits on 121.5
MHz and also on 406 MHz. This latter signal can be received
by SARSAT satellites, whereupon the beacon position can be




established to 1 nm within a few minutes of reception. The
cost of these new devices is well over $3000 but this is
expected to tumble once manufacturing competition hots

up.

Performance Equipment

Years ago the ocean yachtsman sat down before departure
and plotted the track to destination on a chart. The forecast
wind speed and direction was then drawn in for the first leg

of the voyage. Connecting the wind segment to the first turn-

ing point gave the course to steer, and the distance to travel.
When yachtsmen started seriously racing each other
around the buoys. course information needed to be updated
at frequent intervals. Chart plotting was too slow. Flukey
winds meant constant steering changes were needed to give
the best speed through the water. Accurate chart work under

these conditions was well nigh impossible, yet spot-on navi-

gation helped to win races.

Wind speed and direction sensors were then fitted to the
masthead, with indicators installed at the chart table and on
deck. The helmsman could now act on wind changes more
rapidly, squeezing out the extra speed that wins races.

Masthead sensors however, indicated ‘apparent’ wind
speed and direction, the result of the boat’s movement acting
upon the true wind. New electronic instruments soon
appeared which applied the boat’s speed through the water,
together with the magnetic heading, to the apparent wind
vector. The readout from these instruments was the true wind
speed and direction, vital data when planning sail changes
for the next leg.

This ‘true’ data also enabled the navigator to update his
chart plot more rapidly, and to advise the skipper when to
tack, hopefully assisting the boat to travel at the fastest speed
over the shortest possible distance of the course.

The boat speed sensor

The vital performance data came from a variety of sensors.
Boat speed was provided by a tiny paddle wheel extending
through the hull, and spun by the water flow. Because this
type of device was activated mainly by water being partially
dragged along with the boat (the boundary layer), errors
could be gross and non-linear. Calibration was lengthy and
difficult, and the paddle wheel was often fouled by weed and
marine growth.

Sonic Speed

Sensor

The Brookes and Gatehouse boat speed sensor system.

V= L >

The English company Brookes and Gatehouse solved the
water speed sensor problem in an elegant manner. Their
‘Sonic Speed’ system comprises two ultra-sonic sensors.
installed flush in the hull surface, underwater along the fore
and aft axis, and separated by about one metre, see sketch.

Pulses of sound energy (at approx. 400 kHz) are transmit-
ted through the water between the sensors, in either direc-
tion. Those pulses propagating with the water flow travel fas-
ter than the pulses moving against the flow. A simple algeb-
raic calculation from the time difference gives the speed of
the water flow along the hull, which in effect is the boat
speed through the water.

This system is unaffected by water salinity, debris, water
temperature or aeration. Minute changes in boat movement
can be displayed down to 0.1 knot. Accuracy is 1% or better.

The course indicator

The traditional direction indicator is the magnetic compass,
still unexcelled for low cost and reliability. Remoting the
compass bearing was first achieved by fitting a magnetic sen-
sor over the face plate of the compass. This sensor comprised
a coil which picked up the magnetic field of the compass nee-
dle and relayed positional information to other electronic cir-
cuitry such as true wind indicators and auto pilots.

However, owing to the excessive errors of this system
caused by heeling and by rough weather, the aviator’s flux-
gate compass was adapted for marine use. This device uses
two parallel sensing coils wound in opposite directions and
fed with an AC voltage. When aligned with the earth’s magne-
tic field both coils are equally affected. If moved from this
alignment an error voltage develops, proportional to the
movement. This error voltage is amplified for use by equip-
ment requiring directional data.

Fluxgate compasses can be insulated from most of the
effects of heeling and rough weather by oil bath mounts and
sophisticated gimbals. Circuitry has been developed which
allows the compass to self adjust for deviation error, and in
some brands magnetic variation can be fed in, to provide true
heading. >
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Guide to Marine Electronics

Masthead units

The friction-free techniques offered by opto-electronics and
by Hall Effect transistors have been incorporated into mast
head anemometers and wind direction vanes. All effort is
made to ensure freedom from mechanical lag, together with
water proofing of seals. Construction is from lightweight,
fatigue resisting materials.

Despite all of these precautions, the sensors must still be
fitted in a location affected to some extent by wind sheer
caused by the movement of air around the mast. These
errors can be estimated and used for calibration, together
with other errors produced by mast twisting, and by the
anemometer and wind vane laying at an angle to the wind as
the boat heels.

Bringing it all together

The large mass of performance data available in modern
yachts, and the rapidity in which it is updated, is beyond the
ability of the human navigator to fully utilise. If a boat has
been worked up carefully, a mass of calibration corrections
must also be applied to the data.

This is a situation perfectly suited for the micro-processor,
and these devices have been incorporated in many different
brands of yacht instrumentation. For example, the British
made Scorpio yacht performance system will display:-

Time; GMT or Local.

Timer Stopwatch; count-up or count-down.
Heading.

Tack course,

Apparent wind speed, angle or direction.
True wind speed, angle or direction.
Depth; metres, feet or fathoms.

Boat speed in knots, mph, m/s or km/h.
Amplified speed relative to target speed.
Amplified speed zeroed on current speed.
Log or historic log.

Trip log, counting up or down to zero.
VMG (velocity made good) to one or two decimals.
In addition, the equipment will provide alarms for:-
Time; local or GMT.

Upper or lower True wind speed.

Port or stbd true wind direction change.
Heading, upper and lower value.

Depth, upper and lower value.

Boat speed, upper and lower value.

Battery voitage, high or low.

Trip log, various settings ahead.

One vital factor in navigation is speed and direction over
the ground, from which set and drift due to tide and current
can be calculated. The micro-processor can easily digest
inputs from SatNav, Loran or other position fixing devices, to
provide this information. This is a two-way street, with speed
and course data being fed back to the SatNav to enable it to
DR fix between satellite passes.

Of course, yacht instrumentation did not appear overnight
as completely engineered systems. It grew like Topsy, as new
techniques were mastered. Manufacturers were aware though
of a need to integrate the many pieces making up a system, to
provide true compatibility, and to avoid a "rat’s nest” of wir-
ing.

A system of data interchange was agreed upon, whereby
information could be exchanged between segments of a sys-
tem, with the microprocessor acting as ‘mother’. The US
National Marine Electronics Association (NMEA) laid down
a formatting protocol for transmitting data, known as the
NMEA 0183 standard. Yacht systems could also have RS232C
ports allowing interaction with external computers.

NMEA compatible equipment can be connected together
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by a single cable, in any order, with new items simply plug-
ged into the nearest existing piece in the boat. Datamarine
use a coaxial cable in their ‘Link’ system, with 12 volt dc and
0183 coded data both handled in the same conductor. The
‘Link’ equipment. though primarily developed for sailing
craft, is available in modified form to suit power boat opera-
tion.

The interesting VDO NavPac yacht instrumentation system
(illustrated on page 13 of the last issue) uses a single five-con-
ductor shielded cable for interconnection, together with a
simple mating rack into which the components plug together
like Lego pieces.

For your amusement

Getting away from it all on your boat need not mean total iso-
lation. Some of the great pleasures of our civilisation, such as
good music and a good movie. can be savoured, perhaps
more so in the peace and quiet of a sheltered cove. Even lis-
tening to the radio takes on a new perspective when you are
able to give it your full attention. Bringing aboard some of the
diversions of our urban lifestyle can add to your enjoyment
afloat.

Entertainment Equipment
VIDEO

Most pleasure craft have a 12 volt dc system only, which
means that any video equipment must operate from that
power source, or from self contained batteries. The Sony
company market a range of video products that will operate
from both of those power sources.

The Sony EVM-9010 colour video monitor can operate
from either a 12 Vdc source, or from its own Nicad battery

Sony seems to be the only supplier of a 12 vdc operated
colour video monitor. This is their EVM-9010, a 9” (230 mm)
screen unit with integral 8 mm video cassette playback unit.
Sony’s HandyCam video camcorder with a “Sports Pack” or
“Marine Pack” is ideal for the boating enthusiast keen on
recording boating activities.




pack. It also works from 240 volts ac house power. The EVM-
9010 has a high resolution 9" screen, ideal for viewing in the
confines of a small boat, plus an integral 8 mm video (“Video
8”) playback deck built into the cabinet top. The Video 8 cas-
sette is approximately the same size as a regular audio cas-
sette, but with wider tape (8 mm). The helical recording sys-
tem features a flying erase head, giving superb edits with sta-
ble colour. The rotating audio head provides high quality FM
sound. Recently, Sony commenced marketing a library of top
rated video movies in the 8 mm format. This means you can
take video movies onboard for playback during the leisure
evening hours.

Daytime activity on the water has not been forgotten. The
Sony Video 8 HandyCam camera can be used to capture the
days activities, for playback at any time through the EVM-
9010. To ensure trouble free operation in boating activities,
the HandyCam comes with an optional waterproof Sports
Pack, comprising a tough ABS plastic cover with sealing gas-
ket that allows operation of the video camera on the beach
and in water depths to two metres.

For the diving buff, the Sony deep water Marine Pack has
extra waterproof capability, enabling full operation of the
video camera down to 40 metres (130 ft). Accessories include
an underwater Video Light with waterproof rechargeable bat-
tery pack, plus special filters to handle awkward lighting
situations.

Entertainment Equipment
HI-Fl AUDIO

Greenwich Marine (GME) of Sydney market two models of
their marinised radio cassette deck. The electronics and
mechanicals are manufactured by a leading Japanese com-
pany, and feature coated circuit boards and special marine
housings. The model GR926 comprises an auto reverse cas-
sette deck, with an AM/FM manually tuned radio. In addi-
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JVC's car radio/cassettes, models RX515, RX615 and RX715
are proving poputiar with boating enthusiasts, say JVC. By
fitting an optional “sleeve unit” (K2-B2K ~- shown) to your car
and boat, the radio/cassette is readily transferred from one to
the other.

tion however, this model also incorporates the LF band (200-
400 kHz) enabling the boat owner to tune into local aero
beacons, some of which continually transmit weather infor-
mation (the radio can also be adapted by the hobbyist for
direction finding).

The GME model GR934 has similar tape playing facilities,
but also features a digitally tuned AM/FM radio of quite sur-
prising performance, being particularly noise-free on the FM
band. GME market several speaker enclosures suitable for
use onboard boats.

Car audio equipment

The amount of quite excellent car audio gear is beyond list-
ing here. In general terms it can be stated that car audio
equipment is ideally suited for operation in fully enclosed
areas such as the saloons of yachts and power cruisers. There
cannot be a more severe testing ground than the automobile,
which is why so much boat electronics stems from the auto
industry. —to page 113 D>
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SECURITY
CODE:

If your boat is moored ata marina,
then doubtless you're worried
about theft and vandalism. Monit-
ronix, a West Australian firm, has
tackled the problem head-on and
come up with an economical sys-
tem they've dubbed “Boat-
guard”.

Boatguard is a marine security
system which, for boat owners
using marine or yacht club pens
and mooring, provides 24 hour
surveillance of each craft linked
to the system. The system
employs an onboard low power
transmitter which is fully self-con-
tained, running from its own bat-

data base. Any prearranged
action can then be initiated.

Waterproof Radio Transmitter E‘JL:'

Magnetic Hatch Switches
Bilge Float Level Switch

Pressure Mats

sized” boat. A professional sec-
urity company currently offers a
monitoring only service for less

teries. If an intruder enters the
boat, an alarm is transmitted to a
remote land-based  monitor
located at a professional security
monitoring company. A computer
system then provides the security
monitor with the boat location,
owner's name and contact phone
number and any other relevant
details from the alarm system

The system can be triggered by
hatch switches and pressure
mats strategically located on the
boat. The transmitter/alarm sys-
tem continuously checks the
status of all suchinputs.

In addition, the system may be
linked to onboard safety equip-
ment such as a bilge float level,
gas or fume detectors. During

your absence, any build up of
bilge water, gas or petrol fumes
willbe detected andrelayedtothe
base station.

Cost of the basic system
supplied by Monitronix is approxi-
mately $300. Installation costs
depend on boat design, but
Monitronix indicate wit would be
about $200 for the “average

than $100 per year. Monotronix
hope to convince the many
marina operators and yachtclubs
around the country to install the
land-based monitor systems to
provide a service to their sub-
scribers or members. Details
from Monitronix, 41 Guthrie St,
Osborne Park 6017 W.A. (09)446
8699.
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New Serinheiser
headphones

Sennheiser has released a new enclosed dynamic type
stereo headphone, the HD250 Linear. This model is said
to represent the pinnacle of Sennheiser’s extensive research
and advancement programme of the past three years.

The objective behind the
HD250 development was to pro-
duce the *“ultimate” enclosed
dynamic headphone, incor-
porating totally undistorted
sound reproduction. Up until
now, this has been difficult due
to traditional problems
associated with construction
caused resonances.

The HD250 boasts many
technological innovations in
headphone design, accordingto
Sennheiser. The use of new
metal alloys in the magnetic sys-
tem producing a much stronger
magnetic field, ensuring closer
coupling with the diaphragm
thus lessening undesired reso-
nances found in conventional
systems. The drive coil is made
from lightweight aluminium,
reducing the moving mass and
resulting in improved pulse
behaviour, the makers say.

Weighing 25% less than most
enclosed designs, this model

can be worn for long periods
without fatigue, according to
Sennheiser.

For further information, con-
tact the distributors, Cunnin-
gham Consolidated Ltd, who

have branches in Victoria

(03)353 0791, Queensland
(07)862 1234, Western
Australia (09)478 3208 and
NSW (02)909 2388.

Flush mount speakersystem

he Boston Acoustics 360 is a

two-way loudspeaker
designed for flush installation
in the walls or ceilings of rooms
where the decor makes conven-
tional speaker cabinets undesir-
able orinappropriate.

Althoughitis small enough to
install unobtrusively in new or
existing construction, the 360
offers the sound quality of a fine
home loudspeaker system, the
makers claim.

Each 360 features a specially
designed long throw woofer for
extended bassreproductionand
a high performance one inch
CFT dome tweeter.

Quoted frequency response
extends from 48 Hz to 20 kHz,
impedance is eight ohms and
the recommended amplifier
power is five to 60 watts. The
360 measures 213 mm x 300 mm
and requiresonly 75 mm mount-
ingdepth.

Boston acoustics say
homeowners will find uses for

the 360 in the recreation room,
bathroom, kitchen, living room
or as a rear channel speaker sys-
tem in surround-sound applica-
tions.

Commercially, the 360 is an
ideal high quality sound source
for use in restaurants, lounges,
churches and offices, Boston
Acoustics say.

The 360 issupplied in a matte
white finish, ready to install as-
is, or it can be painted to match
the environment. An optional
kit will be available for mount-
ing the 360 in wall where studs
are 16 inches apart. Suggested
retail price for the 360 is
$599.00.

In addition to the 360, Boston
acoustics has introduced the
models 350 and 705 in their
designer series range. Also
designed for flush mounting,
the two new models were
created in response to an
increasing demand for high
quality stereo reproduction in
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Pioneer launches
top-end range of
hi-fi

With the release of a new
range of hi-fi compo-

nents, Pioneer once-again
moves back into the top-end
market. Leading their new
thrust are three “Reference

Series” amplifier components,
“designed exclusively for the
connoisseur”.

Pioneer say performance was
a crucial factor in the design of
the new range, the amplifiers
featuring *“third generation”
non-switching circuitry and all
components incorporating rib-
bed honeycomb chassis and
cases (even heatsinks!) to
reduce vibration and resonance
effects.

The A91-D Reference Digital
amplifier leads the pack. Rated
at 120 W/ch. continuous out-
put, 400 W peak (into 2 Ohms),
it delivers a quoted 0.003% dis-
tortion and features a digital
input with four-times oversam-
pling digital filter and twin D-A
converters.

The F91 tuner features a *'Di-
rect Digital Decoder” that
digitizes the signal before
decoding it to reduce the effects
of interference that mar recep-
tion with analogue detectors.
You can randomly preset 24
AM/FM stations and it has a
three-programme memory for
other functions such as time-

spaces
impractical
box speakers.

previously

thought
for conventional

For further information on
these models, as well as others

set.

The PDM-90X CD player fea-
tures a 6-disc magazine and ran-
dom play of up to 32 tracks,
amongst other sophisticated
programming functions. It
sports both analogue and digi-
tal output and comes with an
infra-red remote control.

See your local Pioneer dealer
for further details on the range.

Mordaunt Short’s
new speakers

oncept Audio has just intro-
duced the Series 2 versions
of the highly successful Mor-
daunt Short loudspeaker range.

All speaker models, with the
exception of the MS100 and
MS300, sport a smart new look
and the Series 2 “Ti” models fea-
ture a substantially re-designed
bass unit and crossoverto give a
deeper bass response, “sweeter”
mid-range and smooth
improved integration with their
titanium dome tweeter.

In common with all Mor-
daunt Short loudspeaker sys-
tems, the Series 2 products
incorporate POSITEC protec-
tion circuitry to provide a total
safeguard against all forms of
overload and amplifier fault
conditions. Prices on Mordaunt
Short loudspeakers start at
$450.00 a pair.

For further information, con-
tact: Concept Audio Pty Ltd, 17/
98 Old Pittwater Road, Brook-
vale 2100 NSW. (02)938 3700.

in the Boston Acoustics range,
contact the Australian dis-
tributors: The Falk Elec-
trosound Group, 28 King Street,
Rockdale 2216 NSW. (02)597
1111,
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aem hi-fi review

Robert Fitzell
Robert Fitzell Acoustics AAAC

Kenwood has a well deserved and long
standing reputation as a manufacturer of
quality equipment. These loudspeakers
gave our reviewer a few surprises.

TRIO KENWOOD Corporation is one of the names of the hi-fi
industry that many have come to trust. Justifiably, the com-
pany can claim a good reputation marketing, amongst other
things, a very well respected range of instruments (oscillos-
copes especially) through a range of equally well respected
audio system components. Many years ago, | was the proud
owner of a Kenwood TK 250 U amplifier which, at 25 watts
per channel, really lifted me into the big time. Whilst I was
always a little frustrated that the TK 150 U 15 watt amp
seemed to be a better amplifier, 1 was certainly one of the
many satisfied Kenwood customers.

A new product on the market from Kenwood is the LS 990
AD loudspeaker. This is a relatively large loudspeaker aimed
clearly at the hi-fi market. It is finished in a black walnut
grained plastic timber laminate, 670 mm high by 355 mm
wide by 320 mm deep. As with all Kenwood equipment, the
quality of manufacture is impeccable and apart from the fact
that it certainly won't match your antique furniture, the
loudspeaker would fit in well with most furnishings.

A manual appraisal

On unpacking the loudspeakers, one of the most obvious fea-
tures was the manual written entirely in Japanese. This is
perhaps not so bad since many manuals for many pieces of
equipment spend most of their time congratulating you on
your purchase rather than giving any really useful informa-
tion. Instead of having to wade through self indulgent drivel,
the all Japanese manual presents a quite interesting chal-
lenge to determine the answers to the questions that are
really interesting. The information I gleaned can (I hope!) be
summarised as follows. It’s a three-way loudspeaker featuring
a 330 mm woofer, 100 mm mid range and 25 mm tweeter,
with a nominal impedance of 6 ochms providing 92 dB per
watt at one metre with power handling capacity probably of
75 watts. The frequency response appears to be a rather
astonishing 28 Hz to 47 kHz with crossover frequencies of
600 Hz and 5 kHz. The weight of the enclosure appears to be
22 kg.

Of those figures, 1 am least certain of the power handling
capacity figure since a value of 200 watts is given, probably
the peak music power handling capacity, and the value of 75
watts, which is likely to be the RMS power handling capacity.

Having set the manual aside, it was obvious that any real
information concerning performance and function would be
gained by test and inspection.
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REVIEW ITEM: Loudspeaker

FORMAT: Three-way vented enclosure
MANUFACTURER: Trio-Kenwood

MODEL NO: LS-990 AD
RECOMMENDED

RETAIL PRICE:

DISTRIBUTOR: Kenwood Electronics (Aust.)

4E Woodcock Place, Lane Cove 2066

Overall features

The loudspeakers are, without doubt, a three-way system
with driver dimensions as given. Both the mid-range and
tweeter are aluminium chassis units with horn loading. Both
drivers suffer from physical obstruction at the throat. The 12
inch (330 mm) bass driver uses a traditional vented enclosure
and gives clean performance.

Connections to the rear of the loudspeaker are by banana
plug and the remaining feature of significance is mid-range
sensitivity and high frequency controls located on the front
panel behind the cloth grille. This permits adjustment of the
sensitivity of the mid-range and quite markedly changes the
audio quality of the loudspeaker performance.



Puentometer Rangs 9O @ Retbor  RMS  towrlmFrg O He We Speed /s

S0 T -r—.r—r—y—,t—'Tr-r—rrT—r—r— %0 L LA I B SN BN AR BN SN 4 TV VY vV y T Y LENR B SEN B B e B
Figure 1. Free-field NI ae AR . MEREH SR
bass response. | i | l

o I S w020} ——— - —_ 1 T— t
| M" | | : /\ l
’H' v i , vl fuv'-\
,t.;.. lI:‘V - —_—d3 i 9 —— . ae -
f «v«: — 20-10] i QAﬂ—\\\-“\fo‘w\’\/‘*nfﬂ
I ] LD NG A
1 . 2N P T et n
10— : i 1 : - - ; - _'vA; I 1 :
S L L R EEH N {
NEEEEHIIEE RS NIRRT iR RN IR
0w K 2 o 00 200 £l 0 W 20 %0 100 200 500 1 kM2 ] 10
Subjective testing Figure 2. Near field response, mic. placed close to each

Surprisingly, the LS 990 AD did not produce the bass
response that | had expected. The loudspeaker uses a large
enclosure with porting and appears to promise a lot more
than it was able to deliver. Our testing used a number of
amplifiers so did not appear to be the result of mis-match or
other failure in the drive system.

For subjective testing we used a range of music sources,
mostly from compact disc. Amongst these were Clannad,
Vangelis, the Beethoven Emperor Concerto, Kiri te Kanawa,
as well as chamber music compositions by Telemann. If the
bass response was there, we certainly would have tapped it.

Nonetheless, the bass response was quite pleasant
although lacking. The loudspeaker gives a reasonably tight
bass with quite pleasant tonal quality.

More seriously, the mid-range unit I found quite disturb-
ing. Initially, our subjective testing was conducted with the
mid-range sensitivity set to the centre detent where most
people would probably set the control. At this setting, I found
listening fatigue very high and it was necessary to lower the
mid-range sensitivity quite severely before colouration was
adequately reduced. Perhaps the worst performance was
with female voice, although to be honest, it was difficult to
choose.

With the reduced mid-range sensitivity, I found the
loudspeaker much more comfortable to audition. There
remained, clearly, a level of mid-range colouration com-
monly associated with horn loaded loudspeakers. Whilst the
horns in the Kenwood are not large, there are a number of
physical obstructions around the throat to both upper range
drivers and I suspect at least some of the colouration could be
due to these. To be fair, I did not reach any firm conclusion
concerning the quality of the tweeter, although this was due
to my dislike of the mid-range rather than anything else.

As a subjective summary, [ have to say that I did not like the
LS 990 AD. As a Kenwood driver from way back, this really
was a disappointment since the new products of the old stal-
warts is something one usually hopes to feel familiar with. [
must also say that whilst | would claim to have rather
catholic tastes in music, if I have a leaning at all it is toward
classical and acoustic instruments for which horn loading
and rock loudspeakers do not produce good results.

My opinion is that the LS 990 AD is a useful loudspeaker
for rock music although it does lack the very bottom end that
one would normally want. This is likely to be a draw-back to
its market penetration since a relatively large loudspeaker
would not normally need the support of a sub-woofer. The
loudspeaker has plenty of punch in the mid range and could
carry percussion and brass instruments very well but is
unlikely to be the choice of the classical music enthusiast.

driver. The “boosted” tweeter response is an artifact of the
measuring technique and tweeter directivity.
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Figure 2a. Near field response with mic. placement adjusted
when taking the tweeter response.

Measurements

Having got the disappointments out of the way, it was time to
conduct some more objective testing. Initially, we ran some
frequency response checks in free field. These provided some
of the answers, at least in relation to low frequency perfor-
mance. We consistently found low frequency roll-off to com-
mence at about 80 Hz for the full range of input sources —
swept sine wave, periodic noise and random noise. At the
quoted performance of 28 Hz, we found response to be at
least 10-15 dB down. Figure 1 shows (he frequency response
trace for a swept sine wave at far field up to 500 Hz. This trace
makes an interesting comparison with the near field
response results shown in Figure 2 in which the crossover
points may also be seen. Looking at the bass end of Figure 1,
the effect of the port may be seen at around 50 Hz.

Figure 2 shows the frequency response for each driver mea-
sured using the near field microphone technique. This
technique uses a microphone located approximately 50 mm
on the driver axis and in the case of the tweeter, is very sensi-
tive to distance. For those that are disturbed by the apparent
increase in sensitivity of the tweeter, this effect is partly due
to the greater directivity of the tweeter and partly to distance
corrections. Figure 2a is a repeat test using the same
technique but with minor adjustient to the microphone pos-
ition for the tweeter. It is clear from Figures 2 and 2a that the
crossover frequencies for the LS 990 AD are approximately
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Figure 3. On-axis versus off-axis (at 45 degrees) response.
Off-axis response starts to roll off at about 2 kHz.

400 Hz and 4.7 kHz. These values are in reasonable agree-
ment with the owner’s manual. Whilst the lower crossover
response appears to be nicely symmetrical, crossover bet-
ween the mid-range and tweeter is a lot less so.

Loudspeaker sensitivity was determined during set up at
93 dB for 1 W at 1 m with sine wave input. This also is very
close to manufacturer’s specifications.

Dispersion was found to be reasonably uniform in both ver-
tical and horizontal directions. Figure 3 shows the on-axis
and off-axis frequency response at a horizontal displacement
of 45 degrees. Roll-off commences clearly by about 2 kHz, but
is reasonably uniform with frequency. This is a good feature
for domestic hi-fi since the frequency response throughout
the room is more effectively preserved.

Distortion testing provided more clues to the deficiencies
in loudspeakers’ performance. Figure 4 shows the total har-
monic distortion measured for a sine wave input at 1 W. Par-
ticularly bad is the very large increase in distortion seen for
the test frequency at 6.3 kHz. We found it was possible to vary
the distortion levels quite considerably according to the set-
tings on the mid-range and high frequency drivers. However,
the data given in Figure 4 applies to the settings I personally
found least coloured and most pleasant for listening. These
settings also appeared to give the lowest distortions in mid
and high frequencies. However, it appeared impossible to
reduce distortion around the upper crossover frequency. So
whilst my first impression was that the mid-range driver was
responsible for most of the distortion problems, I suspect the
crossover might be equally or perhaps predominantly
responsible for distortion in the upper mid-range.

Intermodulation test results are shown in Figures 5 and 6.
The trace of Figure 5 should be read carefully since the distor-
tion products seen below 1 kHz are in fact, harmonic distor-
tion of the 250 Hz fundamental. Distortion at 8 kHz due to the
250 Hz fundamental is really very satisfactory as are the inter-
modulation distortions in Figure 6 centred on 11 and 12 kHz.
In the latter case, the sidebands are 60 dB down on the funda-
mental. The distortion of the 250 Hz tone seen in Figure 5 was

COMPUTERS

MODEM OWNERS — FAX OWNERS

Protect Your Investment!
» Don’t have your gear zapped by lightning.
Useé our Phone Line Protection/

Isolation Device.
Also good for answering equipment.

typical of all distortion testing where the fundamental was
below but close to the crossover frequency, where in all cases,
a strong third harmonic content was evident.

A number of tone burst tests were conducted, the results of
which are shown in Figures 7, 8 and 9. In each case, the lower
trace is shown in compressed mode with the upper trace in
expanded time mode. Of these traces, probably the 400 Hz
tone burst result is the worst in terms of lack of damping after
the transient.

1t

Figure 4. Total harmonic
distortion response of the
4 LS 990 AD loudspeakers.
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Figure 5. Intermodulation distortion, signals at 250 Hz and 8
kHz. The products below 1 kHz are harmonic distortion
products of the 250 Hz fundamental.
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Figure 6. Intermod. distortion again, signals at 11 and 12 kHz.
The sidebands are 60 dB down - a good resuit.

Impulse testing of the Kenwood loudspeaker is shown in
Figures 10 and 11 for two settings of the mid-range driver.
Both diagrams are magnitude maps showing frequency
response on a logarithmic scale between 100 Hz and 20 kHz.
Each trace shows time history moving from the top to the bot-
tom of the diagram with an exponential window moving
with a one millisecond overlap between traces. Figure 10
shows the time response for the loudspeaker with the mid-
range set to the preferred listening condition whilst Figure 11
has the mid-range sensitivity set to maximum. In both cases,
frequency response and delayed energy is very poor in the
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Figure 7. Tone burst testing, 401 Hz. The top trace is the
expanded version of the bottom trace.
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Figure 8. Tone burst testing at 1 kHz. Expanded trace at top.
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Figure 9. Tone burst testing at 4 kHz. Expanded trace at top,
as before.

area centred around 6 kHz whilst with the mid-range set to
maximum, there is significant although reasonably smooth,
delayed energy throughout the full length of the time trace.
Low frequency response also looks rather muddy, although
resolution below about 300 Hz is limited by analyser
bandwidth. Both magnitude maps show the response of the
loudspeaker to be poor in the region of the upper crossover
frequency and generally uneven throughout both of the
upper driver frequency ranges.
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Figure 10. Impulse testing with the mid-range sensitivity
control set at the preferred listening position.
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Figure 11. Impulse testing with the mid-range sensitivity set
at maximum.

BW: S0 Hz

STOP: 20 1N0 Hz

Summary

Overall, it is difficult to recommend the Kenwood
loudspeaker. The cabinet work and construction quality is
very good but only as we would expect from a manufacturer
of this reputation. I feel the most suitable application for the
LS 990 AD is with pop music where a reasonably high power
handling capacity is sought. The loudspeakers are of robust
construction and should perform well in areas where these
qualities are important. If you are a lover of classical music |
think you would be disappointed If you like jazz, then they
are perhaps well worth an audition, although piano will still
have clear limitations. Let’s hope the Kenwood designers lis-
ten to soft strings and delicate chamber music before their
next loudspeaker arrives on the scene.
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Kent Industries (Australia) Pty Ltd has announced the
release of the Goerz/Metrawatt SE110 and SE111 battery/
mains operated chart recorders which include digital display
of the measured value, plus chart printing of measuring range
and chart speed as a standard feature.

The SE110 offers 18 switch-
selectable dc voltage ranges
commencing at 1 mV dc full
scale and with calibrated zero
suppression up to 200%. The
SE111 has 48 calibrated ranges
from 150 mV to 750 V dc/ac and
0.6 mA to 6 A dc/ac.

Operation is by means of on-
board batteries, external 12 Vdc
or mains supply. Twelve chart
speeds from 1 cm/hr up to 600
cm/hr are provided and a range
of accessories such as shunt
resistors and clip-on current
transformers are also available.

For further information, con-
tact: Kent Instruments (Aust)
Pty Ltd, 70-78 Box Road,
Caringbah 2229 NSW. (02)525
2811.

Digital effects
system from
Amber

new digital effects system

has been released by Lexi-
con and will be distributed in
Australia by Amber Technology.
The new Lexicon model 480L
enables recording studios to
create a whole spectrum of
dynamic, totally original effects
and is the result of a two-year
development programme.

This system is capable of 16
million operations per second,
enabling the creation of sounds
previously out of reach and a
major feature of the design is in
it's ability to accept new genera-
tions of sound-producing

hardware and software, Lexicon
say.

In a market flooded with
reverb and effects devices, the
Lexicon 480L is claimed to be
unique, with it’s ability to create
effects which are spontaneous
and extraordinarily creative.

One of the outstandiog
benefits of the 480L is it's mul-
titasking ability. It can run any
two of it's programs (i.e: reverb
and sampling) simultaneously.
The programs can be used inde-
pendently, or internally
“patched’ together in any of sev-
eral flexible configurations.

In addition to it's analogue
inputs and outputs, the 480L is
also equipped with a digital 'O
connector. This allows the recor-
dist to add signal processing toa
stereo mix without ever leaving
the digital domain.

For further information, con-
tact Amber Technology, Unit 6,
Forestview Park Estate, Frenchs
Forest 2086 NSW. (02)975 1211.

Guide tofibre
optics

elden Electronics offers “A

Guide to Fiber Optic System
Design”, an 18-page brochure
designed to assist engineers in
understanding and specifying
fibre optic cable.

The new tutorial explains the
considerable advantages of
selecting fibre optic systems
over typical metalliccabletrans-
mission systems.

Basic elements of optical
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fibre, construction, system
design considerations and cabl-
ing design considerations are
also detailed. The brochure con-
tains illustrations, graphs and
diagrams to ensure precise
clarification of terms and defini-
tions.

For a copy of Belden's Guide
to Fiber Optic System Design,
contact: Belden Electronics, PO
Box 322, Clayton 3168 Victoria.
(03)240 0448.

Breathe easy

One of the greatest fears
expressed by employees
surrounds the quality of air in
the workplace. As a result, an
increasing number are demand-
ing a guarantee that their work
environment is free from conta-
minants.

This is the basic premise
behind a range of leight weight
diffusion monitors from 3M.
The badge-style monitors are
simply clipped to the worker’s
lapel and worn in the workplace
for no longer than eight hours.
The sample gathered is then
sent away to 3M for analysis of
on-the-job exposure levels.

Employed periodically, the
3M monitors provide a cost
effective means of monitoring
airborne contaminants in such
environments as the petrochem-
ical, paint coating, plastics,
synthetics, rubber and paint
manufacturing industries.

All 3M monitors draw on the
principle of diffusion to deter-
mine the time-weighted average
concentration of airborne conta-
minants.

This method of sampling
draws contaminant molecules
from the worker’s breathing
zone down into a barrier film
where it is captured for analysis
in an absorbent wafer.

Confidential analysis is

included in the price of the
monitors and is carried out by
3M throughit's subsidiary, Riker
Laboratories. Despite their sim-
ple design. the 3M monitors
exhibit excellent accuracy and
high precision.

The head office of 3M is
located at 950 Pacific Highway,
(PO Box 99) Pymble 2073 NSW.
(02)498 9333.

Taking the static
out of field calls

hen a technician is servic-

ing static sensitive elec-
tronics, there is a great risk of
damaging micro-electronic
components. The new 8501 sta-
tic-dissipative portable field kit
from 3M can quickly eliminate
potentially hazardous static
charges and provide a static free
working surface.

The 3M 8501 is designed to
remove any static charge on the
technician and provide a static
free surface on which parts can
be placed.

The work surface is a red mat
constructed from static-dissipa-
tive material and measures 5
mm x 560 mm x 610 mm. Two
pockets are stitched on the mat's
bottom edge, each being 200 x
280 mm in area. A female snap
connector is located in the
lower corner of the pocket for
the kit's ground cord system.

The common-point ground-
ing system consists of a 3M
model 3051 ground cord with
two coiled sections. One section
is 1.5 m in length and the other
measures 3 m when extended.
The two sections snap together
to the work surface using a large
centre male snap connector.

The 1.5 m cord is terminated
with a banana plug to connect
the system to ground whilst the
3 m cord is terminated with a
small snap connector for con-
nection to the technician’s wrist
band. Each cord incorporates a
one megohm resistor for safety.

For further information, con-
tact your 3M dealer or the Head
Office of 3M at 950 Pacific High-
way, Pymble 2073 NSW.
(02)498 9333.
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LED backlightLCD
display

mtex Electronics, Austra-

lian distributor for Optrex
Corporation of Japan, one of the
leading manufacturers of LCD
displays for electronic, indust-
rial and automotive applica-
tions, has extended its range of
LCD dot matrix character and
graphic displays to incorporate
a series of LCD character dis-
plays with  built-in LED
backlighting.

The series is available in a
choice of 16 character by one
line, 16 character by two lines
and 40 character by two lines.
The LCD incorporates a single
+5 V supply and inbuilt ROM
and RAM.

Amtex Electronics stocks an
extensive range of Optrex LCD
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displays, including LED backlit
units. A range of high contrast
character displays with elec-
troluminescence backlight is
available in both a basic model
or with extended temperature
range of -20 to +70 degrees Cel-
sius.

For large scale display, Amtex
stocks the Optrex DMF series
which feature high contrast and
wide viewingangle. These units
incorporate the new super
twisted type LCD with or with-
out electroluminescence and a
640%x200 dot display using a
cold cathode backlight, one of
the most visible LCD displays
everdeveloped,we'retold.

For further information, con-
tact: Amtex Electronics, PO Box
10, Villawood 2163 NSW.
(02)727 5444.

The ultimate
editingtool?

laimed to be the ultimate

audio editing tool, the BEL
BDE 26008, recently launched
by Rebel Audio here, is a true
stereo unit, they say, offering a
new standard in stereo off line
audio editing and sampling.
Even if a performer has an “off"
day and belches during a pianis-
simo phrase, or just “fluffs” a
few notes, this editor can be
employed tofix it.

The 26008S’s versatility isbuilt
on its memory. This can be filled
all at once, or a little at a time
and any section of it can be
loaded into any of 100 windows
and then edited at both ends,
pitch shifted, or triggered either
manually or externally.

The windows can be sequ-

13000 01

enced usingone of the fourinter-
nal sequencers. This means that
up to 26 seconds of mono prog-
ramme, or 13 seconds of true
stereo programme can be com-
pletely re-arranged with pauses
inserted or extracted and indi-
vidual notes pitch corrected.

If avocal track is ready for mix-
ing except for one or two flat
notes, it is possible to load a
single line or complete chorus
from the track into the BEL
2600S and pitch correct indi-
vidual notes to as littleas 1/50th
of a semitone, giving a perfect
performance. Pauses can even
be inserted to replace audible
breathing.

Forfurther information on the
BEL 2600S, contact: Rebel
Audio Pty '~ Ltd, 104-106
Hampden Road, Fivedock 2046
NSW. (02)713 6866.
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Practical filter design
— without fears or tears

Jack Middlehurst

When you need a steep rolloff, Butterworth
filters get rather complicated! A man called
Chebychev solved the problem of getting
more (rolloff) for less (components). Let’s hear
it for Chebychev!

AS WE HAVE SEEN, Butterworth filters are fine if you don't
want a particularly steep slope in the stopband. What do you
do if you need afilter with a cutoff frequency of 10 kHz that is
down 30 dB at 12 kHz ? If you run the program of Figure 2.2 it
shows that you would need a Butterworth filter having an
order of 19! Given time, patience, and sufficient money for
the components you could build such a thing, but it would be
rather bulky and not much fun to tune. For that reason, the
program will not calculate the components for you. There are
better ways of solving the problem.

If you have a Butterworth LP filter and deliberately mis-
tune the sections, the filter response is no longer flat in the
passband. Figure 3.1 shows the response of an aligned and a
misaligned filter. Your first impression is that the result of
misalignment is of no use to man nor beast. However, a sec-
ond lock shows that the slope of the response in the stopband
is, at least for the first 10 dB, steeper than that of a correctly
tuned filter. Might it be possible to fiddle with the tuning to
maximize this slope without having to put up with too much
ripple in the passband ?

Chebychev (Note 1) showed mathematically that there is
indeed an optimum shape for the “misaligned” filter. He
showed that, for filters that tend continually towards infinite
attenuation in the stopband, the steepest slope possible is
obtained if the tops of all the ripples in the passband are at
the same height and the bottoms of the valleys between the
peaks are also all at the one height. In other words, in the
passband, the frequency response looks a bit like a sine wave.
Filters having frequency responses of this shape are known
as equiripple filters.

1t turns out that, to get zero ripple in the passband, the indi-
vidual tuned circuits in Butterworth filters have to be criti-
cally coupled, whereas to arri.e at an equiripple condition
those in a Chebychev filter must be overcoupled. This differ-
ence in coupling means that the ratios of the Ls to the Cs in
the two types must be different. In general, the Qs of the
tuned circuits in Chebychev filters are higher than those in
Butterworth filters of the same order.

Chebychev filters

The great advantage of Chebychev filters is that you have
more control over the shape of the filter frequency response
curve. The amount of ripple in the passband affects the
maximum steepness of the filter in the stopband adjacent to
the cutoff frequency. The more the ripple you can tolerate,
the steeper the slope you can get in the stopband. So you now
have an extra variable to play with.

Figure 3.2 shows the enormous improvement in slope that
can be achieved by allowing just 0.1 dB ripple in the
passband of a 7th order Chebychev compared with a 7th
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Part 3 — Chebychev filters
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Figure 3.1. Comparison of frequency response of aligned and
misaligned Butterworth filters.
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Figure 3.2. Frequency response of 7th order Butterworth and
Chebychev LP filters. Fc = 300 Hz, Chebychev ripple = 0.1
dB.

NOTE 1. Translating the Russian cyrillic alphabet into English
characters is a lot of fun. Consequently you will find Chebychev spelt
Tschebysheff, Tschebychev, Chebysheff and so on. They are all the
same person; it simply means that, if you can't find him and his filters
under Cin the index in a book on filters, try looking under T!




order Butterworth filter. At frequencies a long way from
cutoff, the slopes of the two filters are the same, but by then
the actual attenuation of the Chebychev is 20 dB more than
that of the Butterworth. Note particularly the increased
sharpness of the “corner” of the Chebychev filter just before
the cutoff frequency (300 Hz) and the steep slope at cutoff.

Figure 3.3 shows in detail the ripple in the passband of a
3rd and a 4th order Chebychev LP filter having an allowable
ripple of 3 dB (to make it easier to see) and a cutoff frequency
of 1000 Hz. As expected, the tops of the peaks are all at 0 dB
and the bottoms of the valleys are all at -3 dB. You will also
notice that, for odd-order filters, the attenuation is 0 dB at
zero frequency. For even-order filters, the response is down
by the ripple amplitude at zero frequency.
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Figure 3.3. Passband ripple of Chebychev LP filters of order

3 and 4. The filter ripple has been deliberately chosen as 3 dB
to make the differences easily visible.

Because the ripple amplitude is so important in
Chebychev filters, it is common to specify the bandwidth or
cutoff frequency as being where the frequency response is
down by the ripple amplitude rather that by 3 dB. For both
Butterworth and Chebychev filters we will stick to the con-
vention that the cutoff frequency is where the response is
down by 3 dB. Incidentally, don't be put off by the apparently
enormous ripple in Figure 3.3, the scale has been exaggerated
to make it easier to see. For audio work, it would be rare for
the ripple to be chosen larger than 0.25 dB, and often it is
specified at less than 0.1 dB. However, it is worth repeating
that the selection of the ripple amplitude is at the discretion
of the designer, in this case you !

Because even-order Chebychev filters do not have 0 dB loss
at zero frequency, even-order LC filters cannot be designed to
have equal source and load resistors. At high frequencies, fil-
ters are usually inserted in 50, 52, or 75 Ohm coaxial lines or
300 Ohm parallel balanced transmission lines. For profes-
sional audio work, LC filters would be inserted in 600 Ohm
twisted pair or shielded cable. It is extremely inconvenient to
have to change impedance levels up and down in such lines;
for example, imagine trying to put a filter in a 300 Ohm TV
lead if the filter would only work with a source resistance of
425 Ohms and a load resistance of 300 Ohms. Designing and
making the necessary transformer is not easy.

Similarly, a transformer is needed to operate even-order
Chebychev filters in audio lines. Particularly if high fidelity
is being attempted, such transformers are expensive. So,
when you read handbooks about Chebychev LC filters, and >

Figure 3.4. GWBASIC program to calculate the components
of Chebychev LC filters of odd order.

Line 50 defines the hyperbotic trigonometric functions and
their inverses needed in the calculations.

Lines 60 & 70 set up the display for output.
Lines 140-280 contain traps against hitting wrong keys.

Line 230 checks whether the frequency requested is in the
stopband.

Lines 300-330 WN is the frequency ratio.

Line 340 N is the order.

Lines 380-390 calculate constants needed later. F1 is the
factor to convert from the ripple cutoff frequency to

the 3 dB cutoff.

Lines 400-420 are the main part of the program.

Lines 450-690 the factors convert the Ls & Cs to practical
units.

Lines 730-800 calculate the tuning frequencies for LP & HP
filters

Lines 810-840,850-880, & 940-990 are subroutines to put the
values of the components in convenient units.

Lines 890-930 display the tuning components and
frequencies.

1@ PRINT * Design of"

2@ PRINT * 0dd order LC"

3@ PRINT * Chebychev LFP, HP, BF, & BR filters."

4@ PRINT * Copyright Aguila Holdings Fty Ltd 1987":FRINT

S@ DEF FNACOSH (X)=LOG(X+SQR (X#X~1)) :DEF FNSINH (X) = (EXF (X) ~EXF (-X)

}/2:DEF FNCOSH(X)=(EXF (X)+EXF (-X))/2:DEF FNASINH(X)=
LOG(X+SOR(X#X+1))

6@ Ads="Tune L(":A7§=") to ":AFF=")C(":Al128="0D(":A138=" F(e
70 A1S="L(":A2¢="C(":A3E=")=":F[=3.141592654¥#:1L GE=.424294481#
80 PRINT "What type of filter would you lile to design ~"

9@ PRINT "1. Low pass "

12@ FPRINT "2, High pass "

112 PRINT " Eand pass "

120 FPRINT * Band reject "

13@ FRINT "5, None, Ouit.”

142 INPUT "Please enter the appropriate integer.”. X

15@ IF x=S5 THEN 99@

16@ IF{X<1 OR X>S5)THEN 8@

17@ INPUT "What is the value [ Ohms ] of the source (%load)
resi1stance ~",R:IF R<=@ THEN 170

18@ IF(X=1 OR X=2)THEN INFUT "What 1s the cutoff ¢frequency

€ Hz ) °",FC:IF FC7=@ THEN 18@ ELSE 2@

19Q INFUT “What 18 the centre frequency [ Hz 1 °",

FC:1F FC<=@ THEN 190

20@ INPUT "What 1s the bandwidth [ Hz 1 =" ,BW:IF EW =@ THEN 20@
21@ FL=(-BW+SOR(BWsBW+4#FC#FC))/2:FU=FL+EW: IF FL =@ THEN FRINT
“That bandwidth 18 too wide for the centre frequency.”:G0OTO 19@
22@ INPUT "At what frequency [ Hz ] 1n the stopband 1s the
attenuation known ~" ,F1:IF F1<=@ THEN 220

23@ IF((X=1 AND F1<=FC) OR (X=2 AND F1.=FC)> OR (X=3 AND (F1 =
FL AND F1<=FU)) OR (X=4 AND (F1<=FL OR F1 =FU)))THEN 24Q@ ELSE 250
24@ PRINT"That frequency 1s not 1n the stopband.": GOTO 22@

25@ IF (X=4 AND F1=FC)THEN PRINT"Sorry I can’'t use the centre
{requency, please choose another frequency.“:G0T0 27@

26@ INPUT "What 1s the attenuation [ dE ) at that frequency ",
AMAX: IF AMAX =3 THEN FRINT"There must be more than I dE
attenuation 1n the stopband.":GOTO T60@

27@ INFUT "What ripple would you like 1n the passband [ ¢k ] ~",
RIFL: IF RIPL<@ THEN 270@

28@ 1F RIFL>6 THEN PRINT " That raipple 18 ridiculous.":GOTO 27@
29@ ON X GOTO *@e,>12,370,330,79Q

3@@ WN=F1/FC : GOTO 34Q@

31@ WN=FC/F1 : GOTO 340@

320 WN=ABS((F1#F1-FCeFC)/BW/F1) : GOTO 4@
330 WN=ABS(Fi#BW/ (FCeFC-F1eF1))
34@ N=INT(FNACOSH(SBR( (1@ (. 1*AMAX) -1) /(1@ (. 1*RIFL)-1))

}/FNACOSH(WN) »+1: IF N MOD 2=@ THEN N=N+1

35@ IF X=1 OR X=2 THEN N1=3N:N2=1@ ELSE N1=2sN:N2=19

36@ FRINT "Thas fi1lter 1s of order ";N1:ANGLE=FI1/N

37@ IF NO>N2 THEN PRINT "Sorry 1 can only calculate components
for filters of order less than";N2 : GOTO 8@

380 WR=2#P[#FC : IF(Xa3 OR X=4) THEN BW=2#F]*BW

39@ EP=SOQR(1@~ (. 1#*RIPL)-1):Y¥=1Q"(RIPL/4Q) : GAMMA=
FNSINH(LOG((Y+1/Y)/(Y¥=-1/Y)) /Z/N) s NF=FNCOSH(FNACOSH(1/EF) /N)
40@ FOR I=1 TO N:A(I)=SIN((T«[-1)#ANGLE/2):E(I)=

GAMMA T+ (SIN(I#ANGLE)) T

41@ IF I=1 YHEN G(1)=2#A(])/GAMMA:GOTO 4a3@

420 G(l)=asA(l-1)eA(1) /B(I-1)/G(1-1)

43@ IF 1 MOD T=1 THEN C(I)=NF#G(1)/R ELSE S70@

44@ ON X GOTO 45@,47@,49@,53@,99@

45@ C(1)=C(1)/W@ : GOSUE 930 >
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460 PRINT USING "N\H\\HHNNN. 08\
Ass : GOTO S7@

470 L(I)=1/WB/C(1) : GOSUB 810
480 PRINT USING “\\#\\WWNN®_HNN\ \";A1$,1,A3$,S,
AS$: GOTO S7@

490 L(1)=BW/WB/WB/C(1) : GOSUB 810

SO PRINT USING "N\#\\NNWNN_ WNNY \";A1$,1,A3s$,S,ASs
510 C(I)=C(I)/BW : GOSUB 930

520 PRINT USING “N\#\\#WNNH_WNNL \";A2%,1,A3$,S,
Abs : GOTO 570

S30 L(I)=1/C(1)/BW : GOSUB 810

540 PRINT USING “\\W\\WWWHH. HHN\ \";A1$,1,A3$,5,ASF
S50 C(I1)=C(1)%BW/WB/W@ : GOSUB 930
560 PRINT USING "\\#\\#WNNN_ WN0L
Ass : GOTO 71@

570 IF 1 MOD 2=@ THEN L (I)=NF*G(I)*R ELSE 710
580 ON X GOTO 590,610,630,670,990
598 L(I)=L(I1)/W@ : GOSUE 810

602 PRINT USING “\\#\\WWNWW_ W00
ASs : GOTO 71@

610 C(I)=1/WB/L (1) : GOSUF 930
620 PRINT USING “\\#\\WWNNN_ W00 \"i;A2%,1,A3%,S,
Abs: GOTO 710

630 C(1)=BW/WB/WB/L (1)

\";A2$,1,A3S,S,

\";A28,1,A3$,S,

\";A1$,1,A3s,S,

: GOSUF 930

640 PRINT USING "N\B\\NUHNH. #00\ \";A2%,1,A3%,5,A6S
650 L(I)=L(I)/BW : GOSUB 810

660 PRINT USING "N\B\\HUNNH, H00N\ \";A1$,1,A3s,S,
AS$ : GOTO 710

670 C(I)=1/L(1)/BW : GOSUB 930

4680 PRINT USING "N\W\\NGHNH, 008\ \";A2%,1,A3%,5,A6%
690 L(Iy=L(1)#BW/WA/W8 : GOSUB 810
700 PRINT USING “N\W\\HNGNN_ 000N\
710 NEXT 1

720 ON X GOTO 73@,75@,990,990

73@ FOR I=2 TO N STEP 2:C=C(I-1)#C(I+1)/(C(I-1)+Ct(I+1))

740 F=1/2/P1/SQR(L (1) #C):GOSUB 850:GOSUB 910:NEXT 1:GOTO 990
75@ FOR I=1 TO N STEP 2:C=C(I-1)+CtI+1)

76@ IF(I<>1 AND I<>N)THEN 780

770 IF I=1 THEN C=C{2) ELSE C=C(I-1)

780 F=1/2/P1/SQR{L(1)#C):GOSUB 850: IF I=1 THEN GOSUE 90@0:

GOTO 800 ELSE 790

79@ IF I=N THEN GOSUB 890 ELSE GOSUE 910

808 NEXT 1:G0TO 990

810 IF L(I)>1 THEN S=L(I):AS$=" Henries ":GOTO 840

820 IF L(I)>.001 THEN S=L(I)#1000:AS5s$=" milliHenries"”:GOTO 840@
830 S=L(1)%1000000':AS$=" microHenries"

840 RETURN

850 IF F>=1000000' THEN F=F/1000000':A8%=" MHz":GOTO 880

860 IF F>=1000 THEN F=F/1000: A8%=" kHz":GOTO 880

870 AB$=" Hz

880 RETURN

\";A18$,1,A38,5,ASS

890 PRINT USING "\ AW\ AN \WHH RN\ \";A48,1,A98,1-1,
A7%,F ,AB$:GOTO 920
980 PRINT USING "\ TRV IRV TN T T INEETY-V P38 gF-T 738 ES

A7 ,F,AB%$:GOTO 920
91@ PRINT USING "\
1,A9%,1+1,A7% ,F,ABS
920 RETURN

93@ IF C(I)>I THEN S=C(I):AR&8%=" Farads *:1GOTO 980

940 IF C(I)>.@01 THEN S=C(I)#1000:A468=" milli1Farads":GOTO 980
950 IF C(I)>.000001 THEN S=C(I)#1000000':Aé&s=" microFarads™:
GOTO 98@

960 IF C(I)>1E-@9 THEN S=C{I)#1E+Q9:Aé$=" nanoFarads ":G0T0 980
970 S=C(I1)#1E+12:A4$=" picaFarads "

9808 RETURN

99@ END

AL ARV ANRY AN \HNN. WHNN  \";A4%,1,A98,1-

examples are given, you will find that only odd-order filters
are described. It is possible to modify an even-order
Chebychev filter so that it can be used with equal source and
load resistors by using a special type of frequency transforma-
tion. This is illustrated in Daniels’ book in Chapter 6. This
transformation alters the frequency response from that of a
true Chebychev filter to one having a worse slope near cutoff.

49.33 pF 49.33 pF

R LR [

68 nH, 49 an 68 nué o)

o— -+

171 pF 171 pf

o p—Ab——AF——

280 nH§ 393 an b)

i s | B
17.1 pF 17.1 pF
Figure 3.5. a) Unbalanced 52 Ohm and b) balanced 300 Ohm
Chebychev 5th order filters to remove 29 MHz signals from a
TV receiver.

393 nH

In fact the response is only slightly better than that of a
Chebychev filter of one order less. So you might as well have
used the odd-order filter in the first place.

The GWBASIC program of Figure 3.4 calculates the values
of the Ls and Cs for odd-order Chebychev filters and gives the
necessary tuning information. The circuits of the four types
of filters are identical to those for the Butterworth filters
shown in Figure 2.1. The actual values of the components are,
of course, different. The tuning procedure is also the same as
for Butterworth filters, and for the same reasons it is helpful
to insert links in the pc board and to have single turn tuning
windings on all inductors.

To illustrate the use of Figure 3.4, consider the design of a
HP filter to reduce the effects on a TV receiver, of a strong sig-
nal at about 29 MHz. We would like 40 dB attenuation at 30
MHz, a cutoff frequency of 55 MHz, and will allow 1 dB of
ripple in the passband. The program indicates that a 5th
order filter will do the job. If a 52 Ohm coax lead is being
used, the filter design is as shown in Figure 3.5a, the values
being those displayed by the program.

If we are using 300 Ohm balanced twinlead the values of L
and C are calculated in the usual way for the circuit of Figure
3.5a using Rsource = 300 Ohms. Then, instead of each series
capacitor, two series capacitors, each double the calculated
value, are inserted, one in each side of the balanced line as
shown in Figure 3.5b. For LP filters, the series elements
would be inductors; in this case, each series inductor in the
balanced circuit would need to be half the calculated value.

Because the Qs of the circuits in Chebychev filters are
higher than those in Butterworth filters, it sometimes hap-
pens, particularly at high frequencies, that the component
values become impractical. For example, capacitors can be
required that are as low as 0.2 pF. This is most likely to hap-
pen with BP filters, but can happen with any of the other fil-
ters. For this reason alternative circuits to those shown in
Figure 2.1 have been developed.

The first of these that we will describe are for the LP and
HP filters. They are shown in Figure 3.6a and b. In filter jar-
gon they are known as the “duals” of the circuits in Figure
2.1aand b. A dual of an LC filter is one in which all series ele-
ments are replaced with parallel elements of the opposite
kind ( i.e a series inductor is replaced by a parallel capacitor
) and all parallel elements are replaced with series elements
of the opposite kind. Given the correct components, these cir-
cuits will have frequency responses identical to those of their
equivalents in Figure 2.1.

The GWBASIC program of Figure 3.7 can be used to calcu-
late the components for these dual circuits. So, if you find
that the program of Figure 3.4 gives values that are out of
reasonable range, try the program of Figure 3.7. If the answers
that this gives are still out of range, you are probably at a fre-
quency that is too high for LC filters and will need some kind >

B |
= S = D)
1
o— ———— - — - -~ = - —_ — =0

oAb - - - -
z ? »
o - -0

Figure 3.6. Chebychev ‘dual’ LC filters, a) low pass b) high
pass.
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Figure 3.7. GWBASIC program to calculate the components
of the dual circuits in Figure 3.6.

Lines 350-430 the factors convert the Ls and Cs to practical
units.

Lines 470-550 calculate the tuning frequencies.

Lines 560-590,600-630, and 680-730 are subroutines to put
the values of the components in convenient units.

Lines 640-660 display the tuning components and
frequencies.

Calculates the Ls and Cs of Chebychev LP & HP “dual” filters
of odd order.

To print the output change PRINT to LPRINT in lines
360,380,420,440,640,650, and 660.

19 PRINT " Design of"

2@ PRINT " LC odd order™

3@ PRINT * Chebychev LP & HP dual filters"”

4@ PRINT " Copyright Aguila Holdings Pty Ltd 1987":FRINT

S@ DEF FNACOSH(X)=L0G (X+SQR(X#X-1)):DEF FNSINH(X)=

(EXP(X)~EXP (-X))/2: DEF FNCOSH(X)=(EXP(X)+EXFP(-X))/2:

DEF FNASINH(X)=LOG(X+SOR(X#X+1))

&0 A4s="Tune L(":A78$=") to APS=")IC(":AI2$="0Q(":A13¢=" Fr
70 Als="L(":A2¢="C(":A3S=")=":FP1=3, 141592654#:LGE=, 434294481#
80 PRINT "What type of filter would you like to design "

9@ PRINT "1. Low pass "

10@ PRINT "2. High pass "

11@ PRINT "3. None, Quit."

120 INPUT "Please enter the appropriate i1nteger.",X

13@ IF x=3 THEN &80

140 IF(X<1 OR X>3)THEN 8@

15@ INPUT "What is the value [ Ohms 1} of the source (%load)
resi1stance ?" ,R:IF R<(=0 THEN 150

160 INPUT "What 1s the cutoff frequency [ Hz } °" ,FC:

IF FC<=Q THEN 160

170 INPUT "At what frequency [ Hz 1 1n the stopband 1s the
attenuation known " ,Fl:IF F1<{=0 THEN 170

180 IF((x=! AND F1<=FC) OR (Xx=2 AND F1>=FC))THEN 190 ELSE 200
190 PRINT"That frequency 1s not 1n the stopband.": GOTO 170
200 INPUT "What is the attenuation [ dB } at that frequency 7",
AMAX: IF AMAX<{=3 THEN FRINT"There must be more than 3 dE
attenuation 1n the stopband.":GOTO 200

210 INPUT "what ripple would you like 1n the passband [ dB 1 7",
RIPL: IF RIPL<@ THEN 2t0Q

220 IF RIPL>& THEN PRINT " That ripple 1s ridiculous.":G0TO 210
230 ON x GOTO 240,250,750

240@ WN=F1/FC : GOTO 260

250 WN=FC/F1 : GOTO 260

260 N=INT(FNACOSH(SOR( (10" (. 1#AMAX)-1)/(10 (. 1#*RIPL)-1))
}/FNACOSH(WN}Y ) +1:IF N MOD 2=@ THEN N=N+}

27@ PRINT "This filter 1s of order ";N:ANGLE=PI/N

280 IF N>9 THEN PRINT "Sorry I can only calculate components
tor filters of order less than 10." : GOTO 80

290 WA=2«PI#FC

300 EP=SQR(10~(.1#RIPL)-1):Y=10" (RIPL/4@):GAMMA=
FNSINH(LOG((Y+1/Y)/(Y-1/Y))/2/N) :NF=FNCOSH(FNACOSH(1/EF)/N)
310 FOR I=1 TO N:A(1)=SIN((2#1-1)#ANGLE/2):B(I)=

GAMMA"2+ (SIN(I#ANGLE)) "2

320 1IF I=1 THEN G(I)=2#A(1)/GAMMA:GOTO 340

330 G(I=4»A(I-1)#A(]) /B(1I-1)/6G(]I-1)

340 1F 1 MOD 2=@ THEN C(1)=NF#G(1)/R ELSE 400

350 ON x GOTO 340,380,750

360 C(1)=C(1)/W@ : GOSUB 690
370 PRINT USING "N\HANHNNNN, HH8\

\";A2%,1,A3s,S,

Line 50 defines the hyperbolic trigonometric functions and
their inverses needed in the calculations.

Lines 60 and 70 set up the display for output.
Lines 150-220 contain traps against hitting wrong keys.

Line 180 checks whether the frequency requested is in the
stopband.

Lines 240-250 WN is the frequency ratio.
Line 260 N is the order.

Line 290 calculates constants needed later. NF is the
normalizing factor to convert from the ripple cutoff frequency
to the 3 dB cutoff.

Lines 300-320 are the main part of the program.

ALY : GOTO 400

380 L(I)=1/WQ/C(1) : GOSUB 570
290 PRINT USING "N\#\\Nuusun, #08\
ASS: GOTO 400

400 IF 1 MOD 2=1 THEN L(I)=NF#G(I)#R ELSE 460
410 ON x GOTO 420,440,750

420 L(I)=L(I)/W@ : GOSUE S70

430 FRINT USING "N\#\\HHHEN, HNN\
ASs : GOTO 460

440 C(I)=1/WR/L (1) : GOSUE &90@
450 FRINT USING "N\#\\HNNEN, Hu8\
AbY: GOTO 460

450 NEXT I

470 ON x GOTO 480,540,750

480 FOR I=1 TO N STEP 2:C=C(I-1)#C(I+1)/(C(I-1)+C(I+1))

499 IF(I] 1 AND I<>N)THEN S10@

500 IF I=1 THEN C=C(2) ELSE C=C(I-1)

510 F=1/2/P1/SQR(L(1)#C):GOSUB 610@: IF 1=1 THEN GOSUE &60:

GOTO 530 ELSE S20

S20 IF 1=N THEN GOSUE &5@ ELSE GOSUE &70

520 NEXT 1:G0TO 7S@

54@ FOR I=2 TO N-1 STEP 2:C=C(I1-1)+C(I+1)

550 F=1/2/P1/SOR(L(1)#C):GOSUB 61@:1F I=1 THEN GOSUE &60:

ELSE GOSUE &70

S56@ NEXT 1:GOTO 75Q

570 IF L(I)>1 THEN S=L(]1):AS$=" Henries ":GOTO 400

580 IF L(I)>.001 THEN S=L(1)#1000:ASs=" milliHenri1es":GOTO 400
590 S=L(1)#1000000':ASS=" microHenries"

600 RETURN

610 IF F>=1000000' THEN F=F/1000000':A8%$=" MHz":GOTO &40

4620 IF F>=1000 THEN F=F/1000:A8%=" kHz":G0TO &40

430 AB$=" Hz "

\";Al$,1,A3s,S,

\";Al$,1,A3s,S,

\";A2$,1,Als,S,

6540 RETURN

65@ FRINT USING "\ BN \BN MMM WHR\ \":A4$,1,A0s,
1-1,A7%,F ,ABS:GOTO 680

660 FKINT USING "\ BN OABN \NMM, WHN\  \";A4S,1,A9S,
1+1,A7f,F ,AB$:GOTO 680

670 PRINT USING "\ BN ONHN \MN AW, WENN \";A4F,1,
A9f,1-1,A98,1+1,A75,F,ABS

680 RETURN

690 IF C(1)>1 THEN S=C(I):A6%=" Farads ":GOTO 740

700 IF C(I1)>,@01 THEN S=C(1)#1000:A&85=" mill1Farads":G0OTO 740
710 IF C(1)>,000001 THEN S=C(1)#1000000':As$=" microFaradsa":
GOTO 740

720 IF C(1)>1E-@9 THEN S=C(1)#1E+Q@9:ALF=" nanoFarads ":GOTO 740
730 S=C(1)#1E+12:A68=" pircaFarads "

74@ RETURN

75@ END
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Figure 3.8. Four equivalent forms of LC bandpass filters.

of transmission line filter. For the design of these you will
have to consult appropriate text books.

Because of their use in telecommunications, a lot of work
has been put into the design of alternative forms of bandpass
filters to try and make the component values more practica-
ble. Figure 3.8 shows at a) the standard form that we have

already seen in Figure 2.1; at b) is its dual; at ¢) is the form in
which all the shunt inductors have the same value, and at d)
is the form in which all the series capacitors have the same
value (the dual of c).

Filters c) and d) contain more components than the origi-
nal filter and, indeed, should really be called 14th order fil-

Figure 3.9.

GWBASIC program to calculate the components of
Chebychev BP filters using the four configurations of Figure
3.8.

Line 50 defines the hyperbolic trigonometric functions and
their inverses needed in the calculations.

Lines 60 and 70 set up the display for output.
Lines 140-250 contain traps against hitting wrong keys.

Line 220 checks whether the frequency requested is in the
stopband.

Line 270 WN is the frequency ratio.

1@ PRINT * Design of"

20 PRINT * Chebychev LC Bandpass Filters™

3@ PRINT “Designs odd order filters for the 4 bandpass circuits
in Figure 3.8."

4@ PRINT * Copyright Aguila Holdings Pty Ltd 1987.":PRINT
5@ DEF FNACOSH({X)=LOG(X+SQR(X#X-1)):DEF FNSINH(X)=

{EXP (X)-EXP(~=X))/2: DEF FNCOSH(X)=(EXP (X)+EXP(~-X))/2:

DEF FNASINH(X)=LOG{(X+SQR(X#X+1))

60 A4$="Tune C(":A7$=") to "“:A9$=")C(":A1BS=")L(":Al1$="Tune L ("
70 Als= L (":A28="C(":A3S=")=":PI=3, 1415926354%:
LGE=.434294481#:SW=0

80 PRINT “What type of BP filter would you like to design ~"

9@ PRINT "1. Figure 3.8 a *

100 PRINT “2. Figure 3.8 b "

118 PRINT "3. Figure 3.8 c “

120 PRINT “4. Figure 3.8 d *

130 PRINT “5. None, Quit."

140 INPUT “"Please enter the appropriate integer.",X

150 IF X=3 THEN 970

160 IF(X<1 OR X>3)THEN 8@ ELSE IF SW=1 THEN 380

170 INPUT “"What is the value ( Ohms ) of the source (%load)
resistance 2" R:IF R<(=0 THEN 170

180 INPUT “What is the centre frequency [ Hz ] 7" ,FC:

IF FC<=0 THEN 180

190 INPUT "What is the bandwidth [ Hz 1 7" ,BW:IF BW(=@ THEN 190
200 FU=(BW+SQOR (BW#BW+4#FC#FC))/2:FL=FU-EW: IF FL<(=0Q THEN PRINT

Line 280 calculates constants needed later.
Line 290 N is the order.

Line 320 calculates constants needed later. NF is the factor
to convert from the ripple cutoff frequency to the 3 dB cutoff.

Lines 330-350 are the main part of the program.

Lines 400-710 the factors convert the Ls and Cs to practical
units.

Lines 730-810 calculate and display the tuned circuit
components and their tuning frequencies.

Lines 830-860, 870-900, and 910-960 are subroutines to put
the values of the components in convenient units.

“That bandwidth is too wide for the centre frequency.":GOTO 180
1@ INPUT "At what frequency [ Hz ] 1n the stopband is the
attenuation known 2" ,Fi:IF F1<(=0 THEN 210

220 IF (F1i>=FL AND F1<{=FU) THEN 230 ELSE 240

230 PRINT"That frequency 1% not in the stopband.”: GOTO 210

240 INPUT “"What is the attenuation [ dB ] at that frequency 2",
AMAX: IF AMAX<=3 THEN PRINT"There must be more than 3 dB
attenuation in the stopband.“:GOTO 240

250 INPUT "What ripple would you like i1n the passband ( d8 1 2",
RIPL: IF RIPL<(=Q@ THEN 250

260 IF RIPL>6 THEN PRINT “ That ripple 1s ridiculous.“:G0TO 250
270 WN=ABS((F1#F1~FC#FC)/BW/F1):WO=2#P1#FC: BW=2#P]*BW

280 N1=1/R/BW:N2=R#BW/WO/WO:N3=BW/R/WO/WB: N4=R/BW:NS=R/WO: N&=
1/R/WO: N7=WA/BW

29@ N=INT (FNACOSH(SQR( (10"~ (. 1 #AMAX)-1) /(10" (.1#RIPL)~-1))
)/FNACOSH(WN)) +11 IF N MOO 2=0 THEN N=N+1

308 PRINT “"This filter 18 of order “;2#N:ANGLE=PI/N

310 IF N>9 THEN PRINT “Sorry I can only calculate components
for filters of order less than 19." : GOTO 80

320 EP=SQR (10" (.1#RIPL)-1):1Y=10"(RIPL/40) : GAMMA=
FNSINH(LOG((Y+1/Y)/ (Y=-1/Y))/2/N) :NF=FNCOSH(FNACOSH(1/EP) /N)

330 FOR I=]1 TO N:A(I)=SIN((2#I-1)#ANGLE/2):B(I)=
GAMMA™2+ (SIN (I ®#ANGLE)) "2

340 IF I=1 THEN G(I)=2#A(1)/GAMMA:GOTO 340
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ters, not 10th order. However the frequency response of all of
the filters is the same, so these two are often called modified
10th order bandpass filters. Incidentally, because of the way
in which bandpass filters are derived from LP filters, some
texts use the same order for both, i.e. the above filters would
be called 5th order filters, not 10th. We will stick to the con-
vention of using the number of frequency dependent compo-
nents as the filter order.

There are many other forms of bandpass filters but we will
concentrate on the four shown in Figure 3.8. Clearly, the first
two designs are the simplest. They only have N components
each, where N is the original filter order. The third and fourth
designs have 3N/2-1 components each but N/2—1 of them are
the same which makes them only slightly more complicated
to build; they are, however, more expensive. All of the filters
are quite easy to tune.

Figure 3.9 is a GWBASIC program that calculates the val-
ues of the Ls and Cs for the four circuits of Figure 3.8. To show
the effect of using the different circuits, Figure 3.10 is a print-
out of the components for each circuit for a Chebychev BP fil-
ter with Fc = 1 kHz, Rsource = Rload = 600 Ohms, passband
ripple = 1 dB, order = 10. You can see that circuit 3.8a has
capacitors up to 3 uF and inductors up to ¥2 Henry (500 mH
or 0.5 H), both of which may be inconvenient. Circuit 3.8b
reduces the maximum capacitance, but at the price of need-
ing 1.5 H inductors. Circuit 3.8c probably has the easiest
range of components to obtain, but circuit 3.8d only uses low
value inductors that are easiest to build. So the choice
depends entirely on your particular preferences.

Tuning bandpass filters

The program of Figure 3.9, as well as giving the component
values, lists those components that make up each tuned cir-
cuit. This is to simplify the problem of where to put the links
on the pc board so that the circuits can be tuned. The approp-
riate links are indicated in Figure 3.8 for the 10th order filters
shown. With the first two filters, each series or parallel tuned

Figure 3.10. Component values for 4 BP filters calculated
using the program of Figure 3.9. a) standard form b) dual of
a) ¢) uniform shunt inductor design d) uniform series
capacitor design [the dual of ¢)] .

Component values for the four types of BP filter in Figure 3.8
for a filter having :

Rsource = Rload = 600 Ohms, Centre frequency = 1000 Hz,
Bandwidth = 200 Hz, Attenuation = 30 dB at 1200 Hz,
passband

ripple = 1 dB. Chebychev BP filter, order = 10.

Circuit 3.Ba Circuit 3.Bb Circuit 3.Bc Circuit 3.Bd
c(1) 2.927 uF
L2y B8.653 mH
C(3) 47.@31 nF

24.037 nF C(»
1.854 H L(2)
1.496 uF L)

24.037 nF c 2.556 uF
920.224 mH L(2) B.&653 mH
133.575 mH C(3) 3I71.041 nF

L(4) 53B8.582 mH 16.931 mH c3) 24.037 nF c(4) 2.243 uF
C(S) 4.115 uF  17.108 nF  L(S) 8@87.S561 mH L(5) B. 653 mH
L&) 6.156 mH 1.481 H L&) $112.664 mH  C(&6) 312.955 nF
C(7) 47.031 nF 1.496 uF  CU7) 24.@37 nF C(7) 2.301 uF
L¢(B) 538.582 mH 16.931 mH L) 828.472 mH L(8) B.653 mH
c 2.927 UF  24.@037 nF L(9)  112.664 mH C(9) 3I12.955 nF
L(1@) B.653 mH 1.054 H C(1@ ~ 24.@837 nF C{1@) 2.243 uF
L(11) B@7.560 mH L(11) B.653 mH
L{12) 133.%75 mH  C(12)371.041 nF
C(13)  24.837 nF  C(13  2.556 uF
L(14) 920.224 mH L(14) B.653 mH

circuit is easily isolated and tuned. With the last two filters,
each tuned circuit is more complicated, consisting of one
capacitor and three inductors for the third, and one inductor
and three capacitors for the fourth filter. The first and last
tuned circuits of ¢) and d) only have three components.

With band pass filters, all tuned circuits are aligned at the
centre frequency. If you have a signal generator with a low
output impedance (less than 1 Ohm), you can inject directly
into the series tuned circuits. If you like the idea of direct
injection and your generator has, say, 50 Ohms output impe-
dance, you can probably get enough signal by dividing the
output down with a 47 Ohm and 1 Ohm resistor in series.
Taking the output across the 1 Ohm resistor will give the
necessary low impedance.

If you do this, you don't really need to have single turn tun-

- to page 110. D>

350 G(I)=4#A(I-1)=ALI)/B(I-1)/G(I~1}

360 NEXT I

370 FOR I=1 TO N: G(I)=NF#G(I):NEXT I

380 FOR I=1 TO N : ON X GOTO 390,430,470,590,970
398 IF I MOD 2=1 THEN C=G(I)#N1:L=N2/G(I):GOSUB ?10:
GOSUB B30:60T0 410

400 C=N3I/G(I):L=N4#G(I)3:GOSUB 910:GOSUB B30

410 PRINT USING “\\##\\HHHNN. 000\ \";A2Z8,
1+42#(1-1) ,AJ$,SC,ALS
420 PRINT USING “"\\##\\####0. 000\ \"3A1$,2+],

A3$,SL,ASs: GOTO 720

430 IF I MOD 2=1 THEN C=N3/G(I):L=N4#G(I):GOSUB 910:
GOSUB B3@:GOTO 450

440 C=N1#G(I):L=N2/G(I1):1G0OSUB 910:GOSUB B30

450 PRINT USING "\\##\\WWWWNH.WHH\ \";A28,
1+2#(1-1) ,A3$,SC,ALS

460 PRINT USING "\\##\\##NNN_$08\ \";AlS,
2¢1,A3$,5L,AS$ 1 GOTO 720

470 C=N3I/G(1)31GOSUB 910

480 PRINT USING “\\##\\##Nuw. 006\ \"; A28,

1+43% (I-1) ,A3$,SC,ALS

490 IF (I=1 OR I=N) THEN 530 ELSE L=

NS#G (1) # (N7-1/SQR(G (1) #G(I-1))-1/SQR(G(I)#G(I+1))) : GOSUB B30
500 PRINT USING “\\W#\\#HWWH. 008\ A"y
A1$,2+3#(1-1) ,AS$,SL,ASS

510 L=NS#G(1)/SOR(G(I)#G(I+1)):GOSUB B3d

520 PRINT USING “\\##\\###u#. 000\ \";ALS,
3+3#(I-1) ,A3$,5L,AS$:GOTO 720

530 IF I=N THEN 570 ELSE L=
NS*G(1)#(N7-1/SOR(G(1)#G(2))): GOSUB B30

540 PRINT USING "\\##\\#####. 000\ \";ALS,
2,A3$,SL,ASS

550 L=NS#G(1)/SQR(G(1)*G(2)):GOSUB 830

56@ PRINT USING "\\W#\\#Hu###. 006\ \";A1$,3,

AZS,SL,AS$:1GOTO 720

570 L=NS#G(1)#(N7-1/SQR(G(I)#G(I-1))):GOSUB B3@

580 PRINT USING "\\##\\WH#u#_ 000\ \";Al1S,
3I#I-1,A3$,SL,AS$:GOTO 720

59@ IF (I=1 OR I=N) THEN 440 ELSE C=

N6#G (1) # (N7-1/SQR(G(I)#G(I~1))-1/SQR(G(I)#G(I+1))):GOSUB 710
600 PRINT USING "“\\##\\S4HN0N. 000\ \“jA28,
1+3#%(1-1) ,A3$,SC,ALS

610 L=N2/G(1):GOSUB B83@:PRINT USING "\\##\\#an##,

LLLAY \";Al$,2+3I4(1-1) ,A3$,SL,ASS
620 C=N&64G (1) /SOR(G(I)#G(I+1)):GOSUB 910
630 PRINT USING “\\##\\000080. 088\ \"3

A28, 3+3#(I-1) ,A3$,SC,AL%:6GDTO 720
640 IF I=N THEN 690 ELSE C=
N6#G (1) #(N7-1/SQR(G(1)#G(2)) )31 GOSUB 910

650 PRINT USING "N\\#0\\#W0N0#, 080\ \"3;A28,1,A38,SC,ALS

>

66@ L=N2/G(1):GOSUB B3@:FRINT USING "\\##\\s#uuuw.
LT \";Al$,2+3#(I-1) ,A3s,SL,ASS
670 C=N&6#G (1) /SOR(G(1)#G(2)):GOSUB 910

68@ PRINT USING “\\##\\####0_ 000\
3,A3$,SC,A6$:GOTO 720

690 CuN6#G(1)# (N7-1/SOR(G(I)#G(I-1))):GOSUB 910
700 PRINT USING “\\##\\WW###.WHH\ \";AZS,
1+3#(1-1) ,A3$,SC,A6S

710 L=N2/G(1):GOSUB B830:PRINT USING “\\W#\\WWWH#4.
[T \";A1$,2+3# (I-1) ,A3$,SL,ASS
720 NEXT 1

730 F=FC:GOSUB 870

740 FOR I=1 TO N:ON X GOTO 750,7%0,740,790
750 PRINT USING *\ NI LAY T T
2#1-1,A108,2#1,A7$ ,F ,AB$: GOTO 820

760 IF (I=1 OR I=N) THEN 77@ ELSE PRINT USING
“\ ANNL AHEL \HEN \NEN \eE. WNe\ \";A11$,3e(1-1) A9,
1+3#(1-1) ,A108,2+3#(1-1) ,A108,3+3#(I~1) ,A7$,F ,AB$: GOTO B20

\"1A28,

\"; A48,

770 IF I=N THEN 780 ELSE PRINT USING “\ NN \BN AN\ \wee.
WHe\  \";A4$,1,A108,2,A108,3,A7%,F ,ABS$:1GOTO 820
780 PRINT USING "\ ANNN \HHL \NH\ \WNe_ Wee\ \";ALLS,

Ie(I-1) ,A98,1+3#(I-1) ,A108,2+3#(1-1) ,A78 ,F ,AB$:1GOTO B820

79@ IF (I=1 OR I=N) THEN BO® ELSE PRINT

USING "\ AL ANRY LAWY LAWY T AV NN, w08\ \";A48 I (I-1),
AF$,1+3#(1-1) ,A108,2+3I#(1-1) ,A9$,3+3I#(1-1) ,A7$,F,AB$:GOTO B820
B0 IF I=N THEN B1@ ELSE PRINT
USING "\ ALLAWRNY LAWY 1 AN
A7¢,F ,AB$:GOTO B20

810 PRINT USING "\ AY TANRY LAWY T A \NuN. 08\ \"jA4s,
3I#(1-1) ,A9%,1+3#(1-1) ,A108,2+3+(1-1) ,A7$,F ,AB$:GOTO B20

820 NEXT I: GOTO 970

B30 IF L>1 THEN SL=Li1AS$=" Henries ":GOTO B&O

B840 IF L>.001 THEN SL=L*#1000:AS5$=" milliHenries":GOTO B840

B850 SL=L+»1000000!:AS$=" microHenries"

860 RETURN

870 IF F>=1000000' THEN F=F/1000000':AB$=" MHz":GOTO 900

880 IF F>=1000 THEN F=F/1000:AB$=" kHz":GOTO 900

B89@ AB$=" Hz

988 RETURN

910 IF C>1 THEN SC=C:Aé4&$=" Farads "1GOTO 940

920 IF C>.001 THEN SC=C#10@D:A4&$=" milliFarads":GOTO 940

930 IF C>.000001 THEN SC=C+1000000':A48=" microFarads”:GOTO 9460
940 IF C>1E~@9 THEN SC=C#1E+@F:1A&8=" nanoFarads ":1GOTO 9460

950 SC=C#1E+1231A&68=" picaFarads *

968 RETURN

970 INPUT “Would you like to try a different circuit with the
same data C Y or N ] ?2",Y$

980 IF (Y$="Y" OR Y$="y") THEN SW=1:GOTO B@

99@ PRINT "End of programme.™3END

\WHH. WHN\  \";A4S,1,A108,2,A98,3,
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The projects and circuits chosen for in-
clusion in the Elektor section are
selected on the basis of interest, local
relevance and component availabili-
ty. Intending constructors should con-
sult our ‘PROJECT BUYERS GUIDE' in
this issue for a guide to component
sources and possible kit suppliers.
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THE DIGITAL AUDIO

TAPERECORDER

Earlier this year, a number of Japanese manufacturers introduced
a new type of personal taperecording system, which has become
known as Digital Audio Taperecorder-DAIL Although this system
ran into immediate problems with the combined might of the
western world's record makers and composers’ and music writers’
organizations (which at the time of writing have still not been
wholly resolved), it appears that it is here to stay.

There is as yet no standard for
the DAT or the tape cassettes,
although proposals have been
submitted to the International
Electrotechnical Commission.
Data, standards, and specifi-

cations referred to in this article |
are as contained in those pro- |

posals.

Cassette

The information carrier is a
magnetic tape of 3.81 mm width
rolled on flangeless hubs in-
stalled in a cassette with a slider
and a lid protecting the tape
from accidental damages. The
tape is a metal powder type or
its equivalent.

Information is recorded on
oblique tracks formed by heli-
cally scanning magnetic heads

and can be erased by over- |

writing. Information is read by
magnetic heads that follow the
tracks with the aid of Automatic
Track Finding—ATF.

The external dimensions of the

cassette are 73x54x10.5 mm: it |

is thus somewhat smaller than
the compact audio cassette.

Recorder mechanism

The mechanism of the recorder
resembles that of a video
cassette recorder—VCR—Dbut it
is somewhat smaller (roughly
the same size as the mechanism
of a Video-8 machine).

The rotary head drum has a
diameter of 300 mm and rotates
at a velocity of 2000 rev/min.
The angle at which the tape lies
around the drum is 90°. The nor-

2cedental crasure
Jrevention hole
(restorable)

<

Recognition

Datum holes (sub) (2)”" holes (x4)

Lower shell
Stider lock (1)

Upper shelt

Notches for slider lock release

Notches tor shder LAIARU

and incorrect
nsertion prevention

Lid lock L

(locked by shkder) Shder lock {2)

Note : In case of single lock, dumtay
groove shall be provided

Fig. 1. The digital audio tape cassette is somewhat smaller than the
compact audio cassette.
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mal tape speed is low: only
8.150 mm/sec. The resulting
relative tape speed s,
therefore, 3.130 m/sec (the tape
speed in a VHS video recorder
is 4.85m/sec). Other tape
speeds are: 4.075 mm/sec (half
speed) and 12.225 mm/sec
(wide track).

The track pitch is 13.59]1 ym in
normal track mode and
20.410 ym in wide track mode.
The track length is 23.50] mm
(normal mode) and 23.471 mm
(wide track mode).

The track angle (tape running)
is 6°22'59.5" in the normal
mode and 6°23'29.4" in the
wide track mode. The azimuth
angle of the two heads is
+20°+15' (see Fig. 3).

The above, and some other,
data are summarized in Table 1.
Since there are only two heads
and the tape runs along only a
quarter of the drum diameter

Table 1

Tape width 3.810 mm
Recording width 2.613 mm
Track centre 1.905 mm

Tape speed {normal) 8.150 mm/s
(half speed} 4.075 mm/s
(wide track) 12.225 mm/s
Track length 23.501 mm
Track pitch {normal) 13.591 ym
{wide track) 20.410 ym
Trank angle {normal) 6°22'569.5"
{wide track) 6°23'29.4""

Head azimuth +20°£15°
Optional track 1 0.5 mm
Optional track 2 0.5 mm

Table 1. Tape specifications
{normal mode).



(see Fig. 3), the heads will scan
the tape for only half the total
usable time. This means that the
data have to be stored on the
tape in time-compressed form:
during reading they have to be
expanded again. The output
signal of the heads is shown in
Fig. 4.

The small angle between the
tape and the head drum gives
the advantage that pull on the
tape is small, and also that even
during fast forward or rewind
operation the tape can remain
in contact with the drum. This is
essential to facilitate finding a
specific passage on the tape
quickly (at 200 times normal
tape speed). The pull on the
tape is then about the same as
that on normal video tape.

Recording parameters

Recording parameters are sum-
marized in Table 2. Information
is recorded on a main data area
as well as on a sub data area,
exactly as on a compact disc.
However, the sub data area is
about 4.5 times as large as that
ona CD.

The composition of a single
track is shown in Table 3. It is
seen that the largest part of the
available space is occupied by
modulation and subcodes, but
the track also contains
synchronization data and Auto-
matic Track Following—ATF—
zones. These zones enable
automatic tracking of the heads.
The individual function blocks
are separated by the Inter Block
Gaps-IBG. This separation is
necessary to enable writing in
the sub data area without affect-
ing the modulation data. In prin-
ciple, only the main data and
sub data areas are of import-
ance to the user, because these
are the parts that are audible to
him.

From analogue to
PCM

It is seen from Table 2 that the
normal recording and playback
sampling frequency is 48 kHz
(the other sampling fre-
quencies will be reverted to
later). Sampling is carried out at
a resolution of 16 bits. This
means that every 21 us a portion
of the analogue input signal is
translated into a 16-bit code.
This happens simultaneously
for the left-hand and right-hand
channels. The digital data are
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Fig. 2. Arrangement of the tracks on the tape.
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Fig. 3. Exploded view of a digital audio tape cassette.

Table 2

Number of channels
Sampling frequencies
Quantization

2 (optionally 4)

48 kHz; 44.1 kHz; 32 kHz
16 bits linear (optionally
12 non-linear)

Encoding 2 complement

Error correction double Reed-Solomon code
Sub code 273.1 kbit/s

PCM capacity (each track) 4 kbit

ID codes 68.3 kbit/s

D capacity {each track) 1 kbit

Transfer speed 2.46 Mbit/s

Information density 114 Mbit/in?

Table 2. Technical parameters of the DAT system.

subsequently processed in
serial form. The data stream
consists, therefore, of
48x10°x 16 x2=1.536 Mbit/s.

Processing of PCM
data

The PCM data are encoded ac-
cording to the Reed-Solomon
code, which is also used in CD
technology. However, in con-
trast to the CD process, the DAT
technique uses the product
code of two Reed-Solom codes,
which results in an inner and an
outer code. The inner code
contains the data bits and the
parity bits derived from these
according to a certain pattern.
This encoded block is sur-
rounded by the outer code,
which forms its own parity bits
form data contained in the inner
code. After this, the data are in-
terleaved, i.e., shifted in time, to
enable reconstruction of a
possibly lost data bit.

The Reed-Solomon coding and
interleaving result in a data re-
dundancy of about 37%, which
causes the data stream rate to
increase to some 2.45 Mbit/s.
Added to this are the sub data
information, such as the sam-
pling frequency, the number of
channels, copy protection, and
so on, which finally gives a data
stream rate of 2.77 Mbit/s.

The data thus composed are
divided into blocks of 288 bits.
The modulation zone of a track
can contain 128 of these blocks,
each comprising 32 bytes: a
total of 4096 bytes. Of these,
only 2912 bytes are real data: the
remainder serve for error cor-
rection.

To increase the reliability even
further, the data are divided
into blocks, each of which con-
tains the even samples of one
channel and the odd ones of
the other channel. These
blocks are cross-interleaved
onto the + azimuth tracks as
shown in Fig.6. In this way,
even when a complete track is
lost, or a head malfunctions,
reconstruction is possible by
interpolation of the adjoining
tracks.

Since the heads are in contact
with the tape for only 50% of the
time, the data can not be read or
written in real time. The PCM
data are, therefore, stored in a
2x 64 kbit auxiliary memory at
the sampling frequency, then
read at a higher clock fre-
quency, and subsequently writ-
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Fig. 4. The output signal of the heads consists of a series of bursts.
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Fig. 6. lllustrating the cross-interleaving of the channels in the
modulation range. Areas Q are separation zones between the data
areas.

Fig. 5. The composition of the main data area in Table 3.

ten onto the tape. In this
manner, the rate of the original
2.46 Mbit/s data stream is in-
creased to 1.5 Mbit/s.

tape, they are not truly
modulated, but subjected to an
8-ta-10 conversion. Because of
the consequent Non Return to
Zero—NRZ—a signal edge is |
only generated if the bitis 1. In
this way, the frequency spec-
trum on the tape is reduced,
which is necessary in view of

Modulation of data
When writing the data onto the

| Playback ‘

Fig. 7. The JVC Digital Audio Taperecorder.

certain properties of the heads
and the tape.

First, the clock frequency is ex-
tracted from the HF signal pro-
duced by the heads, after
which the signal is reconverted
from 10 to 8 bits. Subsequently,
the cross-interleaving of the
data has to be negated, for
which the same 2 x 64 bit auxili-
ary memory is used. Here, the
data are first written and then

During playback, the oper-
ations of the recording process
are carried outin reverse order.

Table 3. The format of a track (signa! allocation) is in accordance with this table.
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read again in the correct order.
Table 3 The sub data are separated
from the remainder of the infor-
mation and fed to the system
Areas Contents Number of blocks control circuits. .
Marginal area Margin 1 11 Nem' an errpr COHeCt.lon s car-
ried out with the aid of the
Pre-amble 1 2 double-coded Reed-Solomon
SR SUICHICIEUN 8 code. After this, digital sound
R ! data are available which can be
1BG 1 3(2) processed in a manner similar
ATF area 1 ATF 1 5(7.5) to those in a CD player. These
18G 2 3.5 | data are controlled by a digital-
Main area Pre.-amble 2 2 to-analogue converter, which
Main data area 128 | may operate with twice or four
1BG 3 3(2) | times oversampling to avoid the
ATF area 2 ATF 2 5 (7.5) necessity of steep-skirted
IBG 4 3(1.5) analogue filters.
Pre-amble 3 2
Sub area 2 Sub data area 2 8
Post amble 2 1 Sampling frequencies
Marginal area Margin 2 1" So far, it has been assumed
that the input signal is analogue,
Note: The number in parentheses is for wide track mode. for which the sampling fre-
quency is 48 kHz. This fre-
quency is also used for the

copying of other DAT tapes (but




8

Dataword
| example:
8 1
* O’V | Dataword | Sync (0= ~1) FF(0 = 1) I FFO=-1) |
Conversion | Qoutput -1 | 1 =il | -1 1
Table |
T One symbol Codeword J0 100010001]01 1110101011 11101010}
& delay ] J / T,
| Modulated wave
10 —
871719
Codeword
Fig. 8. In the NRZ process a signal edge is generated for each logic high bit.
Audio AR
Signal Analog -D, D- A i k Rec/PB Block
Block Block Signal Processing Bloc!
. Input 8-10 Re-
Recording Lpd > A-D eoc  |H Inter- |10 o1 Mo »{ cording R,.?la:,y
System Conver!er" teave (147 4iiation Amp ea
- v 7 OFTR
| Rec/PB Switch ]l-— 4'»(({)
|
i N
Output " ; 10-8 w Playback ] :
Playback Oet | | D-A Deinter- Demo- ave y |
System HH Converter EDC leave dul:‘!?on Equalizer Amp ‘ :
. |
T ! |
B | |
Digital tnput O— 7| Subcode Servo Block I :
Dat ircuit
212 Output O-¢———— e !Capslan i
N Motor H
+ !
1 ] - !
| !
| Control Block 7
‘/
K4
/
Cylinder
Motor

87171410

Fig. 9. Block schematic of a typical digital audio taperecorder.

not proprietary pre-recorded I

ones—see under).

The 32 kHz sampling frequency
is used for 4-channel recording
of analogue input signals. It is
also intended for future re-
cording of digital satellite chan-
nels. With this low sampling
frequency, the frequency range
is limited to 15 kHz.

The sampling frequency of
44.1kHz (the same as that of
compact discs) is provided for
the playback of proprietary pre-
recorded tapes. This enables
makers of these tapes and CDs
to use the same mother tape in
the production process.

The DAT has a copy protection
circuit that prevents the direct
recording from compact discs.

This is incorporated at the in- | Fig. 10. Typical DAT recorder mechanism.

sistence of the record industry
in the western world, backed
by their respective govern-
ments. In view of the regret-
table failure by governments to
protect these industries against
the nefarious copying of gramo-
phone records, this decision
must be welcomed by any sen-
sible person. None the less,
there have already been
rumours that some DAT
manufacturers are threatening
to market DATs without copy
protection. Fortunately, many
governments have already
countered these by prohibiting
the manufacture or import of
such recorders in their
countries. It must be hoped that
all western countries will be
united in this determination.
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THE BIRTH OF SATELLITE
COMMUNICATIONS

Twenty-five years ago worldwide communications entered a new
era. Telstar, the world’s first commercial communications satellite,
was launched on July 10, 1962, and the first live television signals
via satellite were received by British Telecom’'s Goonhilly earth
station in the early hours of the following morning.

In October 1945, the magazine
Wireless World published an
article by Artur C. Clarke, today
probably better known as the
autor of 200/—A space Odyssey.
entitled  Extra-terrestrial re-
lays—can rocket stations give
worldwide radio coverage?
Arthur C. Clarke commented in
his article: "Many may consider
the solution proposed in this
discussion too farfetched to be
taken very seriously”” Yet his
idea was to prove the blue-print
for today's satellite communi-
cations network.

He accurately predicted the or-
bital velocity that a rocket
would need to become an ar-
tificial satellite, or second
moon, circling the world with
no expenditure of power. He
also predicted that a satellite
circling the earth above the
equator at a certain height
would appear to be stationary
to the earth and that three such
satellites could give global
radio coverage.

He further predicted that devel-
opment of rocket technology,
started by the Germans during
the second world war, would
soon make it possible to place a
satellite in orbit.

Today, reality has caught up
with science fiction as British
Telecom International-BTI-
handles more than three million
minutes of telephone calls, tele-
vision pictures, data, facsimile,
and telex, every day through
Goonhilly and its other inter-
continental links.

About 90 per cent of the world's
telephones—some 600 million
of them—in 173 countries can
be dialled direct from the
UK. Telephone services are
provided to more than 200
countries and each day more
than 500,000 calls are connec-
ted from the UK to the other
countries.

Fig. 1. The Olympus satellite is one of the largest and most
powerful in the world. Photograph courtesey of British Aerospace.

The early Telstar
demonstrations and
tests

In the Spring of 1961 it was
jointly announced in the United
Kingdom, the USA and France
that the US National Aeronautics
and Space Administration
(NASA), the French Centre for
Telecommunications  Studies
and British Telecom, as its
predecessor Post Office Tele-
communications, would co-
operate in a programme for
transatlantic testing of com-

munications satellites.

At the same time it was an-
nounced that satellite earth sta-
tions would be built in England
and France "for the reception
and transmission of telephone,
telegraph and television signals
across the Atlantic using
satellites to be launched by
NASA during 1962 and 1963."
Work began shortly afterwards
to build the UK's first satellite
station at Goonhilly Downs in
Cornwall. The site was chosen
because it was as far west as
possible to obtain the maximum

2

Fig. 2. A small section of Goonhilly Downs Earth Station: in the
foreground Aerial No. 7. Photograph courtesy of British Telecom.

38 — Elektor in AEM — Dec. 1987

period of visibility to the United
States via the satellite, to be
remote from sources of elec-
trical interference, and to pro-
vide an onobscured view to the
horizon for the longest possible
contact with the satellite.

In less than a year from gaining
access to the site the station was
ready. A massive, steerable
dish antenna, weighing 870
tonnes with a 25.9m dish had
beenbuilt. All of the equipment
on the station was of British
design and manufacture, with
the exception of one American
transmitting klystron valve.

The British design was the odd-
man-out among the three earth
stations to be used for the tests.
Both the American station at An-
dover, Maine, and the French
station at Pleumeur Bodou in
Britanny were equipped with
horn antennas housed in
radomes. The British station had
cost around £800,000 to com-
plete, about a quarter of the
cost of the American and the
French stations.

In early July 1962 it was an-
nounced that Telstar would be
launched from Cape Canaveral
on either july 10 or 11

The successful launch took
place at 8.35 GMT on Tuesday,
July 10, and the desired orbit
was achieved. With Telstar
circling the earth at heights
varying between 590 and 3500
miles, it was possible to achieve
three or four periods during
each 24 hours when mutual
visibility between Goonbhilly
and Andover lasted for 30 to 40
minutes.

During these periods the anten-
na at Goonhilly had to be ac-
curately manoeuvred to follow
the satellite from the moment it
rose above the horizon until it
again disappeared from view.
The signal transmitted from the
antenna to the satellite was con-




centrated into a narrow beam,
one-fifth of a degree in width,
so absolute precision was
necessary. To maintain this ac-

curacy in high wind meant that |

the antenna had to be massive
and sturdy. In order to move the
antenna so accurately it was
equipped with electric motors
of some 100 horse power. How-
ever, the engineering design
resulted in such good balance
and smooth movement of the
antenna that normaly less than
two horse power was required
under reasonable weather con-
ditions.

The primary purpose of the
Telstar satellite tests was to ac-
quire data on which to base the
future design of satellite
systems for commercial oper-
ation. However, during the
period from July 10 to July 27 a
number of demonstrations
were carried out which il-
lustrated the potentialities of
satellite systems for world-wide
telecommunications.

In the early hours of July 11 the
first usable orbits were the sixth
and seventh and the first at-
tempt at television reception
was made. Reception was
decidedly poor. Some experts
were quick to blame Goon-
hilly’s unique antenna design,
and The Times described the
experiment as "'an almost total
failure”. Some experts said the
antenna was too heavy and
cumbersome to accurately
track the satellite, others
blamed the driving mechanism.
The problem proved to be that
one component had been fitted
the wrong way round and it was
a twenty-minute job to correct
it. The effect of the incorrect fit-
ting had been to reverse the
direction of the wave polariz-
ation of the antenna, relative to
that of the satellite, introducing
a serious weakening of the
strength of signals received.
The problem arose because of
an ambiguity in the accepted
definition of the sense of ro-
tation of radio waves; a difficulty
which had been encountered
both in the USA and the UK in
the period just before the tests.
With the correction made, ex-
cellent pictures were received
on orbit 15 during the evening
of July 11, and during orbit 16
the first live television trans-
mission between Europe and
the USA was made from
Goonhilly to Andover. The pic-
tures and sound received at An-
dover were reported to be of

Fig. 3. The first of the dish antennas to be installed at Goonhilly
Downs. Photograph courtesy of British Telecom.

Fig. 4. Aerial 6 is Goonhily's largest dish with a diamter of 32 m. It
was also the first ‘‘dual frequency’’ antenna, able to transmit and
receive on two different frequencies simultaneously. Photograph
courtesy of British Telecom.

Fig. 5. The latest of the antennas (No. 10) to be installed at
Goonhilly Downs. Photograph courtesey of British Telecom.

excellent quality and were
broadcast as received through-
out the USA.

On July 12 the first two-way
transatlantic telephony tests
were made, showing that good-
quality, stable telephone cir-
cuits with low noise levels had
been achieved. These tests
were to be followed two days
later by the first transatlantic
telephone call and photo-tel-
egraphy  (facsimile) trans-
mission via satellite.

On July 14 during orbit 34, the
director general of the Post Of-
fice, Sir Ronald German, spoke
from his home in London to the
president of American Tele-
phone and Telegraph Co
(AT&T), Mr. Eugene McNeely, in
New York. Simultaneously, one
pair of channels was used to
send facsimile pictures Dbe-
tween London and New York.
On July 15 tests to assess the
ability of a communications sat-
ellite to carry large numbers of
telephone circuits were carried
out during orbit 43. These
demonstrated that at least 600
first-grade international circuits
should be possible by satellite.
The first transmissions of colour
television signals by satellite
were made from Goonbhilly dur-
ing orbits 60 and 61 on July 16.
With the co-operation of the
BBC's research and designs
department, who provided a
colour slide scanner and moni-
tor equipment, the signals, on
525-line NTSC standards, com-
prised captions, test cards and
still pictures to assess colour
quality. The transmissions were
initially made from Goonhilly to
the satellite and back to
Goonhilly but were also re-
ceived in Andover. Andover
reported: "Colour—good; pic-
ture quality—excellent’.
During orbit 87 on July 19 satel-
lite communications were
opened up to the press.
Twenty-four calls were made by
the British press from Fleet
Building in London, to the
American press in New York.
On July 23 during orbit 125 an
18-minute long programme
from the European Broad-
casting Union was transmitted
from Goonhilly to Andover. The
programme  consisted  of
scenes from many European
countries and was transmitted
by the Eurovision link to
Goonhilly, from Goonhilly to the
satellite, and was received at
Andover and broadcast
throughout the USA.
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During orbit 151 on July 26, the
Telstar link between Goonhilly
and Andover was used to pro-
vide telephone circuits for the
US Information Agency involv-
ing conversations between
"notable persons" in 20 pairs of

cities in the USA and Europe for |

the  Agency's  "People-to-
People” programme. The cir-
cuits were reported as ex-
cellent.

The Telstar tests confirmed that
communications satellites
could provide high-quality,
stable circuits for television and
multi-channel telephony. The
performance of Goonhilly earth
station was reported as ex-
cellent in every respect, and
the equipment, almost all of
which was of a unique new
design, had worked well. In
fact,  Goonhilly’s  antenna
design was to prove, as had
Arthur C. Clarke’s idea, to be
the blue-print for the future.

A brief history of
Goonhilly satellite
earth station

The choice of Goonhilly
Downs, on the Lizard Peninsula
in Cornwall, as the site of the
United Kingdom's first satellite
earth station, was made for
exactly the same reasons that
Guglielmo Marconi chose the
Lizard for his pioneering work
in maritime and international
"wireless” telegraphy. The
Lizard offers an uninterrupted
view across the Atlantic and
little electrical interference.

The first transatlantic wireless

\.

Fig. 6. A British Telecom rigger examines the steelwork of Goonhilly
Eart Station’s antenna No. 6. Photograph courtesey of British

Telecom.

receive the signals from the

| satellites, ended in the Lizard,

message was sent from the |

Lizard on December 12, 190l
Three faint but discernible
"dots" of the Morse letter *'S”
were sent from Marconi's
transmitter at Poldhu and re-
ceived by him in New-
foundland, Canada. A year later
Poldhu sent a signal to the
vessel Philadelphia more than
2000 miles away in the ocean.
Long-distance  telecommuni-
cations had been born.

Sixty years later the advance of
technology had made satellite
communications, first proposed
by the author and scientist Ar-
thur C. Clarke in 1945, a realistic
possibility. The United King-
dom, the USA and France an-
nounced in 1961 that they would
co-operate in a programme for
the transatlantic testing of com-
munications satellites.

The search for a suitable site in
the UK for the station that would

on the flat expanse of Goonhilly
Downs.

The Lizard offered an unim-
paired view of the Atlantic
horizon, giving the longest
possible contact with the low-
orbiting satellites then being
used. It suffered from little elec-
trical and radio interference;

was well placed to connect |

with inland communications,
power supplies and transport
links; and had a climate with

moderate rainfall, little seasonal
variation in temperature and
only occasional snow.

Equally important was the
geology of the area. The
serpentine bedrock reaching a
thousand feet deep would give
vital support to the massive
weight of the antennas.

Within a year of obtaining
possession of the site, the first
antenna, the control room and
its associated equipment were
installed and ready for the first
tests which would use the

Fig. 7. A section of the control area at Goonhilly Downs. Photo-
graph courtesey of British Telecom.
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Telstar satellite, to be launched
by the US National Aeronautics
and Space Administration
(NASA) on July 10, 1962.

Those tests confirmed that
satellites could have a commer-
cial future in international com-
munications. During a period of
16 days several world-firsts went
into the record books—the first
live television transmission be-
tween Europe and the USA, and
the first telephone calls, fac-
simile transmission and trans-
mission of colour television by
satellite.

Because of the low orbit of

| Telstar—between 590 and 3500

miles above earth—the satellite
was only usable for three or

| four 30-to-40 minute periods in

each 24 hours. As the satellite
raced across the sky from
horizon to horizon, the antenna
had to be nimble enough to
follow the satellite to one-fifth of
a degree’'s accuracy during
each of these brief visits.

Aerial 1 at Goonhilly was a
unique design - an 870 tonnes
"dish” antenna, compared to
the French and American horn

| antennas enclosed in radomes.

Some initial problems during
the first usable orbits of Telstar
caused experts to blame the
design of the British antenna,
but a small problem with a com-
ponent which had been fitted
faultily proved to be a twenty-
minute job to correct and the
antenna then went on to estab-
lish its world-firsts.

Goonhilly Station had cost
around £800,000 to complete,
about a quarter of the costs of
the American and French sta-
tions, and it was the unique
design of the British dish anten-
na which was to go on to be-
come the norm for satellite
communications  throughout
the world. The dish design is
now used generally by nearly
700 satellite stations in more
than 150 countries.

Following the successful tests
with Telstar an international sat-
ellite organisation was set up in
August 1964 - INTELSAT. Interim
agreements were signed by 11
member nations - the USA, UK,
Canada, Denmark, France, Italy,
Japan, the Netherlands, Spain,
the Vatican City State and
Australia. Today INTELSAT is
owned by more than 100
member countries.

INTELSAT launched its first sat-
ellite into orbit in April 1968.
The satellite, INTELSAT I,

© known as Early Bird, was a




high-orbiting satellite in "geo-
stationary orbit".

Arthur C. Clarke had proposed
in his 1945 paper that satellites,
circling the earth above the
equator at a certain height,
would appear to be stationary
to the earth’s surface—their
period of orbit would exactly
match that of the earth’s natural
rotation. That distance was
22,300 miles above the equator.
After INTELSAT I's successful
launch to this height, commer-
cial service opened in June
1968.

Arthur C. Clarke had also pro-
posed that three satellites in
geostationary orbit could give
world-wide radio coverage.

A second satellite—INTELSAT
II—was launched in Decembert
1966, and at the same time,
Berial 1 at Goonhilly, which
now no longer needed to track
low-orbiting satellites across
the sky, had an extra reflecting
surface added, pushing its
weight up to 1100 tonnes.
Satellite communications had
now truly entered commercial
operation. As the demand for
transatlantic TV and telephone
transmission grew, so did
Goonhilly with the addition of
Aerial 2 in 1968.

By 1969 three geostationary
satellites were in orbit, fulfilling
Arthur C. Clarke's prophesy
of global communications.
INTELSAT 11l was positioned
above the Indian Ocean and de-
mand for satellite communi-
cations with the Far East grew.
To meet this need Aerial 3 was
brought into service in 1972.
Berial 4 was added in 1978, to
meet an ever-increasing de-
mand for communications
across the Atlantic. This was
also one of the first antennas in
the world to use the 11/14 GHz
frequency as soon as it became
available for business satellite
communications.

Demand for satellite communi-
cations grew by 20 per cent a
year during the 1970s and early
1980s. Further satellites were
put into orbit and in October
1978 a second earth station was
brought into service by British
Telecom at Madley in
Herefordshire.

Demand for specialist sevices
also grew during this period
and in 1983 Aerial § at Goonhilly
was completed to provide satel-
lite services to ships at sea.

At the same time Aerial 6 was
being built to provide further

Fig. 8. Children from a nearby primary school being shown a model
of the Intelsat V satellite. Photograph courtesy of British Telecom.

tic route. Aerial 6 is Goonbhilly's
largest dish with a diameter of
32m. It was also the first "dual-
frequency” antenna, able to
both transmit and receive on
two frequencies simultaneously
—doubling potential capacity. It
entered service in September
1985.

While aerial 6 was being built,
Berial 7 was also being brought
into service to provide leased
TV services to North America.
With continuing growth in de-

mand for satellite communi-
cations, British Telecom
announced plans in August
1983 to built a third earth station
in London's Docklands, primar-
ily for satellite TV distribution
and specialised business ser-
vices. The London Teleport, in
North Woolwich, opened for
operation in February the next
year—less than six months after
site clearance began.

BRerial 7 at Goonhilly, initially
used for TV circuits, is now be-

capacity on the busy transatlan- 1

Fig. 9. The antennas are painted regularly: each one takes a 1000
gallons of marine paint and two full seasons’ painting. Photograph
courtesy of British Telecom.

ing used for the trial of
Skyphone—a telephone service
to aircraft in flight—which is
due to start by the end of this
year.

Meanwhile Aerials 8, 9 and 10
have been built. These are
small-dish antennas below 14m
in diameter. They are used for
research and development, and
to provide monitoring and con-
trol facilities on the more than
130 satellites currently in use.
Today, development at Goon-
hilly continues. Aerial 6, the
biggest antenna, has been
equipped to operate to the
latest development in satellite
communications—Time  Div-
ision Multiple Access/Digital
Speech Interpolation (TDMA/
DSI). TDMA/DSI means that
signals from the station are
grouped and sent by time
rather than frequency, so that,
on the principle that during the
average telephone conver-
sation either party is only
speaking for one third of the
time of the call, other groups of
signals can be sent along the
same channels during the
lapses of conversation

While British Telecom’s earth
station at Goonhilly provides
vital links for today and tomor-
row. it has not forgotten its
past—a past that goes back far
beyond Marconi's early ex-
periments.

The Lizard Peninsula is
designated as an Area of
Outstanding Natural Beauty and
Goonhilly Downs was Corn-
wall's first National Nature
Reserve. In developing the
earth station, British Telecom
spent £200,000 landscaping the
scheme to form natural-looking
mounds, or bunds, inside and
outside the station's bound-
aries. Local heathers, gorse and
willow were planted in the
station, in keeping with the
natural character of the Downs.
With little intrusion from the
public, amidst the silent giants
of Goonhilly’s antennas, the
local flora and fauna have been
able to flourish, making
Goonhilly not only a pioneer in
high-technology but also a
botanist’s paradise.
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LONG-RANGE INFRA-RED
TRANSMITTER-RECEIVER

by J C Stekelenburg

This two-way, infra-red, FM, communication system covers line-of-
sight paths of remarkable lengths without the use of expensive
optoelectronic devices.

There are many who are con-
vinced that infra-red compo-
nents are only useful for remote
control systems with a range of
10 metres or so. Powerful IR
emitters are well out of the
financial reach of the average
home constructor, and their
usefulness is often rightly
queried simply because doub-
ling the radiated power hardly
increases the effective transmit-
ter range. Notwithstanding the
latest achievements in op-
toelectronic technology, the
real key to long-distance com-
munication in the infra-red part
of the frequency spectrum is a
well-known physical phenom-
enon: beam convergence.

Principles of
telecommunication

Telecommunications engineers
use calculated, ie., hypotheti-
cal, models to assess and study
the technical feasibility of
point-to-point communication
links in the available frequency
bands. A general model of a
link between an FM (frequency
modulation) transmitter and re-
ceiver is shown in Fig. 1. At the
transmitter side, the aerial gain
is Gr, at the receiver side Gr.
In the present case, the centre
frequency used is 313 THz
(terahertz, 102 Hz), which
means that the main component
in the radiated spectrum has a
wavelength of about 950 nm.
This is slightly longer than the
wavelength of the darkest
shade of red visible to the
human eye. The fact that infra-
red light is transmitted and re-
ceived makes it possible to use

Long-range IR transmitter-receiver

Technical specifications.

Transmitter.

Modulation:
Preemphasis, 1:
Radiant power, Pr:
Transmitted waveform:

Supply voltage:
Maximum current consumption:
Wavelength

Spectral bandwidth (-3 dB}, 44:

Maximum deviation {fc = 100 kHz), 4f:
Sensitivity of line inputs:

Receiver.

Supply voltage:
Maximum current consumption:
Deemphasis, 1

Wavelength:

VCO range, fo:

VCO lock range, A:

VCO capture range, fc:

FM.

50 us.

0 - approx. 10 mW.
rectangular, duty factor
= 0.5.

12 V.

approx. 125 mA.
950 nm.

+20 nm.

+ 50 kHz.

250 mVrims.

12 V.

approx. 75 mA.
50 us.

950 nm.

65 - 150 kHz.
t %o,

+17 kHz.
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optical devices, such as reflec-
tors and lenses, as ""aerials”.
The following step-by-step link
budget calculation is purposely
simplified, and, where appro-
priate, based on reasonable
assumptions as to the perform-
ance of the equipment. Some-
times the (electronic) term
amplification is used where the
(physical) term magnification or
convergence factor is, strictly
speaking, more correct. Refer-
ence is made to the denotations
shown in Fig. 1, and the main
technical specifications of the
infra-red components used—
see Fig. 2. The IRED (infra-red
emitting diode) Type LD27] and
the photodiode Type BP104 are
inexpensive and generally
available components.

With reference to Figs. | and 2,
the radiant power, Pr, at the
transmitter side is 10 mW into an
aerial with an assumed power
gain, Gr, of 20 dB (&« 100x).
The effective radiated power
(ERP) is therefore +30 dBm, or
1 W

Figure 2 shows that the
photodiode Type BP104
generates a noise equivalent
power (NEP) of 4.2x10MW
(YHz)!. The effective radiant
sensitive area, 4, is 5.06 mm?.
The power gain, GRr, of the re-
ceiver aerial of radius r is
calculated from

Gr=10logio(nr2/A) {1]
=10log10(0.621r?) [dB].

With r given as 50 mm, Gr

becomes approximately 32 dB.

It is assumed that the receiver
input has a noise factor, Fo, of 3




Pr

[O-+{ rransmirten

Gy Gr
Fo
—r -
——» 1 =9%0nm ——e RECEIVER
—p—s

FM

] DEMODULATOR

(S/N), T
NEP

(8/N}g (S/NY,

Fig. 1 A hypothetical infra-red communidation system.

(&Fae=4.7 4B, this is a quite
average value), while the
transmitter is modulated with a
single tone of frequency fim),
producing a deviation Af. Also
assuming that the pre-detection
signal-to-noise ratio, [S/N]a, is
between 10 and 15 dB, ie,
above the detection threshold
for FM signals, and that 4f=
+50 kHz, the output signal-to-
noise ratio, [S/N]o, of the ideal
FM demodulator is calculated
from

[S/Nlo=3/ (Af/fw)?}|S/Nla  [2]

where

[S/N)a=(1/Fo)[S/N]i (3] .

Returning to the technical

specifications of the LD27], it is
seen that the IRED used sup-
plies a radiant intensity, e, of
10 mW per steradian (sr) at a
continuous, forward, current of
100 mA. The light beam emitted
by an IRED is cone-shaped,
making it fairly difficult to
calculate the radiant intensity
received on the flat surface of
the photodiode. Figure 3 shows
that the distance x between the
transmitter and the receiver is a
function of the divergence of

the transmitter beam. The ra- |

diant intensity on the concave
area Az is 10 mW sr!, since
2=1 rad =~ 51.3° In order to
avoid. complex calculations for
determining the ratio of the flar
area A with respect to the con-
cave area Acrz), the beam width

is assumed to decrease from 1
radian (e) to 0.1 radian (). This
enables considering the resul-
tant beam area, Am, flat, as
well as A, which forms a part of
it (see the front view in Fig. 3). It
can be shown that fe=01 mW
in 0.1 sr given that Jle=10 mW
sr!. Figure 3 shows that it is
reasonable to consider the IR
beam to have a flat area Aw) of
radius r where it is incident on
the photodiode D, so that

r=xxtan(¥22)~0.05x (4]
Amy=nr(0.05x)2. (8]

Assuming no atmospherical at-
tenuation over the distance x,
area A receives an amount of in-
cident radiant power, PR, that is
a portion of le within 0.1 sr,

whence

. 5.06x10® _
Pr=lex =5 05wy

L 5.06x10°
10 % =0 0527

-8
6.443){)(z 10 W] (6]
This calculation is valid for
transmission through a vacuum.
The atmospheric attenuation
factor for 1=950 nm is approxi-
mately 4 km' (=6 dB km).
Provided the calculations re-
main based on factors rather
than decibels, the atmospheric
attenuation can be taken into
account by rewriting Pr as

Pr=6:443x10° o
xtX 4(x/1000)

(7

The signal-to-noise ratio at the
receiver input, [S/NJi, is simply
the ratio of Pr (S, the signal) to
NEP (N, the self-generated
noise of the photodiode) within
a given bandwidth. The amplifi-
cation of Pr in the reflector (Gr,
transmitter aerial) and the lens
(GR, receiver aerial) can be in-

2

LD271
Characteristics (7., 25 °C)
Wavelength at peak emission at 1.,
Spectral bandwidih at 50% of ...
Radiant intensty n anal ditection
at I, =100 mA, for hall angle ¢ 30°
LD=271A

LD =279

LD-271H")
Radant flux { I, - 100 mA)
{typ ) total
Halt angle
(hmats tor 50% of radiant intensity 1,)
Switching umes
{1, trom 10% to 90%. I,
Capacitance (Va O V)
forward voltage (I, 100 mA)
Breakdown voltage (I 100 pA)
Reverse current (Va 3 V)

100 mA)

Temperature coetticient of I, or @,
Temperature coefficient of V,
Temperatute coethicient of 7o, .0

Relative 3pectral emnson verus
wavstength

“oean 950 nm

As | 220 nm

1. { ~7 mwW/st
L | 15(210) mw/se
1 216 mW/sr
@, 16 mw

@ 25 degrees
[ 1 us

Co 40 pF

Vi 135(<17) v
View 30 (-4) v

5 001(<10) pA

Ic 055 %/ K
Ic 15 mv/K
Ic «03 nm/K

Radwant intenuty versuns forward

ik

Lonmn st ma/
e VY

-

BP104
Characteristics (/,.. =25 °C}
Spectral sensitivity {Va - 5V} (- - 950 nm)

Wavelength of max spectral sensitivity
Quantum yieid

(Etectrons per photon) (- -~ 950 nm)
Spectral sensitivity

(s =950 nm, Va-5V)

Rise and tall ime of the photocurrent
trom 10% to 90% and

from 30% to 10% of the final value
(R, 1K Va OV. .- 950 nm)

(R, 1KEL V. 10 V., -950 nm)
Temperature coethicient for [, or [, tesp
Capacnance

(Va OV.f 1MHz £ .0)

(Va 3V./ 1MHz £ .0)

Radiant sensitive area

Dark cutrent (Vo - 10 V)

Noise equivalent power

(Ve -10V)

Detection mit

Relative s08Ctral 10NSAIVITY versus
weavelength

s 's g

8 3 5 & 5 8 3

| 2
cm
S | 40 (225} pA pevr
75 mee | 950 nm
| Electrons
K a2 ‘ Photon
S, on AW
Lot 125 ns
[ 10 ns
Ic o018 %/ K
Co 48 pf
c, 17 of
506 mm?
Ia 2 (<30} nA
w
NEP 42x10 " |
[ } Hz
1 H.
o ‘54”0” cmv;v/ z

Photocurrent versus sracance

e
—~—= 2 (X950

87179 -2

Fig. 2 Essential technical characteristics of the infra-red components used in the transceiver (courtesy Siemens).
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cluded in the link budget, as
well as NEP for .1f= +50 kHz:

NEP=4.2x10""x} 100,000
NEP=1.33x 10! [W].

8]

So:
S _Pr_ 6.443x10*xGrxGr
N: NEP  1.33x10 '1x24(x/1000

=4844GrGrx 241x71000)

|
|
|
|
I

=4844Gr(nr?/5.06)x 24 x/1000) 9] )

Where x is in metres, and r in
millimetres. In equation [9], the
distance, x, is a double variable
(it is squared as well as part of
an exponent). This means that x
can only be resolved with the
ald of successive approxi-
mation, which will not be dis-
cussed here. Instead, 3 sample
calculations are given to indi-
cate the (theoretical) potential
of the system,

It will be clear that the lens at
the receiver side is of radius r,
as shown in Fig. 3. This means
that all radiant power within the
specified solid angle @ is cap-
tured and converged onto the
photosensitive area of the IR di-
ode D. Practical aspects of the
reflector and the lens will be
reverted to.

What is the maximum,
theoretical, distance that can be
covered by this system, so that
the received signal is just about
audible in the receiver?

An FM signal exceeds the noise
threshold when

[S/Naz10 (210 dB) (10]

requiring that
[S/N):230 (=15 dB) at Fo=3.[1]]

Having defined this minimum
requirement for the input signal
strength, it becomes possible
to propose 3 versions of the IR
communication link:

1. No optical
(Gr=Gr=1):

amplification

X= 4844 =127 m,

30 el

2.0nly a lens at the receiver
side (r=50 mm):

=]/ 4844 nis0p
X 30 x5.06 x0.59

=384 m. (13]

l

sde view

IRED

3607 ; 47,3

v =1ra0=
27

2 =0.1r120z 573

r=xtan 'yl : 0.05x

A

o o(ii' OI

not to scale

front view

‘A

z e7179.3

Fig. 3 The theorectical distance covered by the system is the length, x. of the conical infra-red light

beam.

3. A lens at the receiver side
(r=50 mm), and a reflector at
the transmitter side (G'=100220

dB)—this is the full system.

shown in Fig. I:

=]/ 4844, n(502x 100
X VSOX 5.06 x0.1
=],625 m.

The above calculations also
enable a reasonable prediction
to be made of the S/N ratio of
the received AF signal at a
distance of, say, 1,000 metres,
with If given as +50 kHz and
fim=10 kHz (option 3.):

[S/N): =
4844 x100[(50)2/5.06] x 4! x 10

= 188

whence

[$/N)o=

*%(50/10) x 4 x 188 = 9403

~ 40 dB. (16]

This is, theoretically, sufficient
for receiving speech or music
of reasonable quality. The
previously given calculations
enable determining the
minimum system layout for a
given range x. It should be
remembered, however, that all
calculated distances are en-
tirely based on theory, re-
presenting the absolute, and in
practice virtually unattainable,
limits of the system.
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Through the
atmosphere

[t goes without saying that some

| spare capacity should be de-

(14] |

signed into the system to en-
sure a reliable, noise-free link
even when there is additional
attenuation caused by fog,
heavy rain, snowfall, or fading.
The latter effect is essentially a
variation in the refractive index
of air in contact with the heated
earth surface (reference ).

| This phenomenon gives rise to

|

[15) |

turbulence and convection cur-
rents in the atmosphere, beam
deviation, and hence pro-
nounced fading of the trans-
mitted IR signal. Modulation of

the signal strength in the range
1 to 200 Hz may also affect the

| quality of the received signal.

This effect is caused by scatter-
ing of the signal, and fluctu-
ations in the absorption of the
air layers. A typical atmos-
pheric absorption spectrum is
shown in Fig. 4. The curve is de-
rived from a wider spectrum
analysis described in ). It
shows the percentage trans-
mission through lkm of at-

| mosphere at sea level. It is seen

that the IRED LD27] outputs its
peak intensity at a wavelength
that forms the lower limit of a
so-called atmospheric window,
ie, a frequency band in which
the atmospheric attenuation is

4
t e

transmamon
(%)

[ wan
A(peax) = 9500m

wisible

' intr.
light % 4~ near infrared

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

—». (om)

87479

Fig. 4 Correlation between wavelength and percentage transmission
through 1 km of atmosphere at sea level {source: reference '").




relatively low. Returning to the
temperature coefficient of /peak
stated in Fig. 2, it is readily seen
that the signal strength at the re-
ceiver side may well rise
somewhat along with the tem-
perature of the IRED, since the
transmitted signal can be
thought to shift to the right in
the spectrum.

Optical amplification
Radio engineers are familiar
with the maxim "the aerial Is
the best amplifier". This is a
proven truth, and fully ap-
plicable to the IR transceiver.
The previously given transmit-
ter ranges can only be covered
with the aid of optical amplifi-
cation, or, more precisely,
beam convergence.

At the receiver side, it is best to
use a lens with a relatively large
area. Lenses in magnifying or
reading glasses are ideal for
the present purpose. Elemen-
tary aspects of the biconvex
lens are shown in Fig. 5a. The
well-known Jens equation is
written as

1/f=1/u+l/v [17]

where
f = the focal length

u = the object distance
v = the image distance

From this it can be deduced
that

fxu _ fxu

18]

VS fru T u—~f

5

a R
g

b

C

reflector

87179-5¢

Fig. 5 Essential aspects of the optical components in the IR

transceiver.

For the distances covered by
the IR transceiver, f may be con-
sidered small relative to u (the
object is at infinity), whence

V=fxu
u

= f [19]

The lens and the photodiode
are housed in a light resistant
enclosure with a blackened in-
side surface. The photodiode
should be accurately pos-
itioned in the focus when the
distance between the transmit-
ter and the receiver is greater
than about 50 metres. An in-
verted, but otherwise sharp
(real), image of the area viewed
by the lens can be seen on the
back of a piece of thin white
paper when this is held in the
focus. Directly incident light
causes a marked increase in
the noise output of the
photodiode.

At the transmitter side, either a
lens or a reflector can be used
to ensure the required con-
vergence of the IR light beam.
The use of a lens is illustrated in
Fig. 5b. The convex lens should
be a so-called condensing type
to ensure a short focal length
with respect to the lens
diameter. Condensing lenses
have an extremely biconvex or
planoconvex curvature, and are
often used in slide projectors.
The construction of the IRED
Type LD271 is such that the half
intensity angle is about 30° in
the axial direction. In the con-
text of the lens diameter, d, and
with reference to Fig. 5b, this
means that

tan 30°=1/{3=Yed/f
f=d"%}3=0.81d. [20]
The beam convergence is opti-
mum when the focal length of
the lens satisfies f£0.87d. Like
the photodiode, the IRED is, of
course, co-axially positioned in
the focus.

The use of a reflector, ie., a con-
cave (parabolic) mirror, at the
transmitter side is shown in Fig.
Sc. Virtually all radiated light
emerges as a parallel beam
when the IRED illuminates the
right section of the concave
reflective area. The IRED is not
fitted co-axially in the focus of
the reflector because in this
position it would obstruct the
reflected beam, and so absorb
a considerable part of its own
radiant intensity. Moreover,
there is usually a hole at the
centre of the type of reflector

used for this project. ..

Although a condensing lens
gave excellent results in a test
setup of the transmitter, it is
none the less recommended to
use a reflector simply because
this is less expensive in most
cases. Constructional aspects
of the reflector and the lens as
crucial components in the IR
transceiver are  discussed
further on in this article.

Circuit description of
the transmitter

The circuit diagram of the infra-
red, FM, transmitter is given in
Fig. 6. Microphone and line
signals are applied to low-noise
opamp ICi via AF inputs M
and Li-Lr respectively. Stereo
signals at the line inputs are
made monaural with the aid of
summing resistors Riz-Ris. At-
tenuation is effected in voltage
divider R20-Ri9. The amplified
signal is fed to filter/amplifier
A1 via C1s, modulation strength
control P1, and Ci. Opamp Al
is configured as an active filter
to obtain the required preem-
phasis of the modulation signal,
before this is applied to the FM
modulator. The computed
transfer function of the active
filter is given in Table 1. A
second-order low-pass with a
cut-off frequency of 10 kHz is re-
quired to keep the boosting ef-
fect of the preemphasis on

higher frequencies  within
reasonable limits. This measure
effectively prevents inter-

modulation with the —relatively
low—carrier frequency of
about 100 kHz. Without the
filter, a 19 kHz pilot tone, for
example, would be heavily
amplified, causing annoying
lisping sounds, noise, and
spurious beat notes in the re-
ceiver. The 10 kHz filter is
represented by the first 2 terms
in the denominator of the last
fraction in Table 1, so that
C2R3=1/(2n10%)=CsRs. 1]
The roll-off point at the lower
end of the spectrum is deter-
mined by the term (1+jwC3R4),
which is dimensioned for a cut-
off frequency of about 10 Hz.
The standard preemphasis of
50 us is created by Cs, which
can be resolved from the nu-
merator with the aid of the term
fica), as shown in Table 2. The
amplification of A1 is approxi-
mately 6.6 (=1+Rs/Rq4).
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Fig. 6 Circuit diagram of the infra-red transmitter.

The asymptotes in the last frac-
tion of Table 2 are called
(A)...(E) for practical pur
poses. All terms are 6 dB/octave
asymptotes. Terms (A) and (B) in
the numerator represent amplj-
fication (Uo), terms (C), (D) and
(E) attenuation (Uh). It is readily
seen that (C) and (D) are virtu-
ally equal, and therefore repre-
sent an asymptote of 2x —6 =
—12 dB/octave.

The theoretical frequency
curve of the filter set up around
A1 is shown in Fig. 7a. Asymp-
totes (C) and (D) are coincident
and form the second-order roll-
off above 10 kHz. Figure 7b
shows the results of a test
sweep carried out on a proto-
type of the IR transmitter. Curve
A is the preemphasis, curve B
the frequency response of the
complete IR system, ie., from
the AF input on the transmitter,
via anIR link of about i0 metres,
to the AF output on the re-
ceiver. The results are accept-
able given the simplicity of the
circuits used.

Returning to the circuit diagram
of the transmitter, Cs passes
the amplified and filtered AF
signal to a V-I converter set up
around Az and Ti. The high
amplification, A, of the opamp
ensures that U. is virtually
equal to U-, since

U0=A/(U¢—U—-) and A~ °°[22]

This means that Ugrin=U.,
whence
Iecen=Iri0y=U+ /R10. (23]

This shows that the collector
current in T1 is directly pro-
portional to the voltage at the
wiper of Pz (U.). In other
words, the operation of the V-1

Table 1

Uo Zs

14wCals +

1+ jwCa

JwC4Rs

Uo 1

1 e
U Ra + 14wC3

. .
1 +;wCsRs

+
U (1 +40C2R3)

- U

Definition of terms used:U. - Uch
Uao AU U TA = U. =U
(1/wC2) » U 1
U
R3+ 14wC2 1+;0C2R3
U U.- Us IsZs (25 - Rs//Cs)

Us  (haar + hcanZs

+ jwCalZs

1wC3Zs

and Zs
1+ wRaC3

Rs/wCs

Rs+ 1,wCs

JwC3Rs
(1 + jwC3RaN1 + 0 CsRs

JwC4aRs R
(1 +wC2R3) x {1 + jwCsRs)

Infra red transmitter: transfer function of Ay

Uce Uz-6.2V w=2nf ;? 1

Us [U-1IR1 + 1/0C3) + U - (1 jwCa)iZs

Rs/jwCs
Rs + 1/jwCs |

Rs/jwCs

Rs + 1/ Cs
1 +,;wRaC3

1wC3Rs
{1 +;wC2R3) x (1 +jwCsRs) x (1 + jwC3Ra)

(/w)"(C3C5R4Rs + C3CaR4RS) » jw(C3R4 + C5R5 + C3R5 + CaRs) + 1
(1 +7wC2R3)11 +;wCsRs) T + 4w C3R4)

converter is linear.

Dz and T2 form a current mir-
ror. The voltages across the di-
ode and the B-E junction of the
transistor are equal when equal
currents are carried. The
voltage on Ru is, therefore,
equal to that on Riz. It is readily
seen that Jcaray=Jcrs, since
Ru=Ri2=2K7.

The well-known timer Type
1555 comprises 2 comparators
that cause an internal bistable to
toggle at voltage levels % Vcc
and %lec. Timer ICs is fed
from a stabilized 6.2 V rail
When Uiciys¥iVee (=2.07 V),
the output, pin 3, goes high

46 — Elektor in AEM — Dec. 1987

Table 2

| infra-red transmitter: preemphasis.

T

Uo
‘ U

Uo

50 us

s0 that rfica

50x10¢s w 2rf 7 1

{1 +jwri 1 +jwhican
(1 +w1.5x 10 *H1 +,w1.496 x 10°*)(1 +,,0.01833)
(C3CsR4Rs + C3CaRaRs)

r+ ficar = C3R4 +CsRs + C3Rs + CaRs
e (C3CsR4Rs + CJCJRJ@
T

Ca C3CsR4Rs —rC3Ra — rCsRs— rC3Rs + 25 » 10-10

rRs - C3R4Rs
Ca 14.4 nF =4 fica 0.12162

{1 +jwr1 +,00.1262) _ {A)B)
() 44w 1.5 x 107301 +,w1.496 x 10°%)(1 +1w0.1833) (CHDNE)
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Fig. 7 Theoretical {a) and practical (b) frequency response of the
transmitter. Curve B in Fig. 7b shows the overall response of the IR

! Fig. 8 The voltage on the timing capacitor in the 555 based CCO is
| triangular (upper curve) rather than exponential (lower curve) to

system. achieve linear frequency modulation. fc= 100 kHz.
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(=6.2 V). The current through | frequency, fe (= 100 kHz) is de- |
D4 and De is blocked, and Ieerey | termined by U+ as ‘ 9
flows into C11 via Ds. When the | o
voltage on Cn exceeds %Vec | I=C(du/d)=U+/Rio t
(=4.13 V), the timer output goes | du=1/3Vec=2.07V ESS
low, Uccrey becomes about 1.5 | di=Y%(l/f) 180 '
V, and Ds blocks the current. In | U+/Rio=C11{2.07/(%2£c)) 1o
this situation, D3 and T3 form a =Cnix4.13/fc
current mirror, so that feerm= | fe=U.(1/413C1Rw0) [Hz]  [24] | | 160
Iopa=Icra. Timing capacitor
Cu is then discharged with | In practice, the modulation gra- 1501
the current Jcrz. The fre- | dient of the transmitter is about Ty
quency of the triangular signal | 30 kHz/V when Ri0=8K2 and ‘
on Cii is a linear function of | C11=820 pF. This means that f 1304
Ieery, and, therefore, of Us, | isabout 100 kHz when U. is set 1204
and, therefore, of the instan- | to +3.3 V with the aid of P2. A
taneous amplitude of the | frequency deviation of +50 kHz 110+
modulation signal superimpos- | isachieved when the amplitude
ed on U.. In brief, this is fre- | of the modulation signal | | ™
quency modulation. The 7555 | superimposed on U+ is 1.7 Vp. el
functions as a current con- | It was found that the toggle e P L
trolled oscillator (CCO) thanks | levels of the comparators in L .
to the linearization of the— | 555s and 7555s supplied by 70 = Intersit
normally exponential —charge- | various manufacturers are sub- , Iom 7888
discharge curve of the timing | ject to a relatively loose toler- 604 ,/ /s
capacitor, Ci1. The oscillogram | ance. Figure 9 shows the f(U+) /
in Fig. 8 shows the output of the | curves of 2 7555s and a 5565 fit- o ' 3 5 A s
CCOin contrast to that of a 7655 | ted in position IC3. The results oo
based oscillator in the standard | obtained prove that the

configuration. IC3, Ti, Tz and Ts
thus form a voltage controlled
oscillator (VCO), whose central

calculated modulation gradient
of 30 kHz/V may not be
achieved in all cases.

Fig. 9 Curves showing the modulation gradient of the transmitter
with various timer chips fitted in position IC3.
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Although the modulation index,
A, of the transmitter is conven-
tional at
f=Affmy=50/10=5, [25]
the resultant deviation of
+50 kHz (100 kHzpp) is large
relative to the carrier frequency
of 100 kHz. This observation is
important in view of the re-
ceiver design, and will be
reverted to.

Emitter follower T« buffers the
rectangular output pulses of the
oscillator. Via the carrier power
control, P, the signal reaches
power output transistor Ts,
which is capable of building up
an emitter potential of about 4.5
V. Emitter resistor Ris carries a
peak current of 200 mA, taken
from the 12 V supply via IRED
D7, which is so pulsed at a
duty factor of about 05 to
supply its maximum radiant
intensity of 10 mW sr'l.

The transmitter is fed from a
(rechargeable) 12 V battery, and
consumes about 125 mA when
set to maximum output power.
Evidently, it is also possible to
use a regulated 12 V; | A power
supply when the IR transmitter
is operated in a fixed location.

Circuit description of
the receiver

The IR receiver is a simple
design, just like the transmitter.

! Fig. 10.

| When Pr=30NEP, ie., [S/N):=
15dB, a photon current is

l generated with an equivalent
power of 4x10'® W The
energy, £, of a photon is ex-
pressed as

| E=hc/i=2.01x109 [])
where

‘ h=6.6262x10°* {] s'!] (Planck’s
) constant);
¢=2.97x10% [m s'] (velocity of
light);
4=950x 10 [m].

This means that the received
power, Pr, of 4x10'1® W cor-
responds to

. Pr/E=1.93x10° photons s'*. [27]

Figure 2 shows that the quan-
tum yield, n, of the BPI04 is
high at 092 electrons per
photon, so that the given photon
current results in a density, De,
of 1.77x10° electrons per sec-
ond. The electric current, If, is
then calculated as follows:

1 coulomb (C) = 1/1.6x10'®
= 6.25x10'8 [electrons]
1 ampere (B) = 1 C s
Ir=De/6.25x10'8
=2.83x10'0 [A]
1F(max)=21F=566 pA

(28]

This current corresponds to
32 1V on Rz3 (56 kQ). The effec-

(26] |

¥412x32=112 uV. The signal
from the photodiode is raised in
a 4-stage direct coupled transis-
tor preamplifier, Te-Ts, which
ensures an amplification of
about 10 000. The preamplifier

is a slightly modified version of |

the one discussed in refer-
ence®. The amplified signal is
coupled out to limiter ICs via
Rs1 and Ca0. The resistor
prevents load variations and
feedback effects from upsetting
the sensitive preamplifier.
Negative feedback control Ps
enables finding the optimum
signal-to-noise ratio for a wide
range of input signal strengths.

| A high feedback level also

allows suppressing to some ex-
tent the interference from near-
by luminescent tubes or TV
sets.

I The well-known Type TBAI120S

FM demodulator comprises an
excellent limiter circuit, which
is used here to cancel the effect
of the relatively strong AM
noise on the received signal. In
the present application, the
quadrature detector in the chip
is only used for driving the S-
meter circuit.

This is set up around ICs and
Tn, and enables evaluating the
relative signal strength during
the testing and setting up of the
equipment. Preset P5 is ad-
justed for minimum visible
meter deflection when no
signal is received. The voltage
at pin 8 of the TBAI20S is

with the signal strength. This
causes the emitter voltage of
T to fall, the collector current
to increase, and the meter to
deflect. The maximum coil cur-
rent in Mi can be set with the
aid of Ps. Provided the pre-

| amplifier operates in its linear
| range, the meter indication is a

direct measure of the received
signal strength. It was already
mentioned that the ratio of £ to
Afis remarkably low in the pro-
posed system. This fact makes it
virtually impossible to use the
quadrature detector inside the

| TBA120S for obtaining sufficient

AF output. With fz:4f as low as
2, linear FM detection can only
be achieved with the aid of a
phase-locked loop (PLL) detec-
tor. The Type NES65 (ICs) used
here ensures a reasonable S/N
ratio while requiring relatively
few external components. The
central frequency, f, is deter-
mined by P7+Rs3 (R) and Cz7
(©.

fo=1/3.1RC [Hz]. [29]
Preset P7 gives a VCO range of
approximately 70 to 150 kHz,
which is about equal to that of
the transmitter. A 50 us deem-
phasis network is formed by
Ra1-R47-C30. The resistors are di-
mensioned such that the de-
modulated signal at pin 7 of the
NES565 is direct coupled to
buffer Ti2, obviating the need
for an additional coupling ca-

The circuit diagram is shown in | tive voltage at £=100 kHz is | smoothed by Ce, and rises | pacitor. The on-board AF
10 R27 17 2y
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Fig. 10 Circuit diagram of the infra-red receiver.
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power amplifier is a standard
application of the Type LM386.
Some 250 mW of AF power 1s
available for driving a head-
phone set, or a miniature 4 or

Parts list

Resistors { +5%):
R1;R2;R7;R8;R15;R22;R41=10K

8 Q loudspeaker. | Ra=18KF

For portable applications. the R4 =3K9

receiver is fed from a 12 V bat- Rs = 22KF

tery. Current consumption is of | | R&R11R12=2K7

the order of 35 mA. The R9=270R
R10=8K2

transmitter and the receiver
should not be powered from a
common supply or battery. This

R13;R13;R44=470R
Rie=22R; 0.5 W
R17:R18;R20= 100K

is in view of the relatively high R19=5K6

peak currents in the transmitter R21=100R

in combination with the high R23 = 56K

sensitivity of the receiver. The R24;R37;R38 = 1MO

100 kHz pulses are readily in- R2s = 560K
R26;R32 =15K

duced direct into the receiver,
and so make the correct adjust-
ment of the system virtually im-

R27;R28=1KO
R29;R33;R34;R45=2K2

. . . R30;R31=1K5
possible. The preamplifier in R3s=12K"
the receiver is essentially a Rae = 22K"
wideband type, and inter- R39=4K7
modulation problems may arise Rao;Ra3 = 1K8
when it is used in the direct R12=68R
vicinity of powerful medium or Ri6=10R
long-wave transmitters. Ra7=68K

P1;Ps=10K

P2="5K0 or 4K7

P3=470R or 500R

Pa = 250K or 220K

Pe = 25K or 22K

P7=2K2 or 2K5

Ps = 10K logarithmic poten-
tiometer

Construction: the
electronics

The track layout and compo-
nent overlay of the printed cir-
cuit board for the IR transceiver

Capacitors:

C1;C6=2u2; 16 V; radial

C2=1NO0J; styroflex/polystyrene
C3;C26=4u7, 16 V

Ca=15nJ; MKT

Cs =680pJ;
styroflex/polystryrene

C7,C9;C24;C33=100n

Cs;C13=10y; 16 V; radial
C10;C36=10y; 35 V; tantalum
bead

C11=820pJ;
styroflex/polystyrene
Ci2:Cis= 14, 16 V; radial
C1a=474;16 V; radial

Cie6=4u7; 35 V; tantalum bead

C17=150p ceramic

C18;C19;C20;C23=10n ceramic
C21;C22=22n ceramic
C25=10u; 16 V; axial

C27;C29=1n0

C28=10n

C3o=4n7

C31=6n8

C32=1y; 16 V; axial

C3a=47n

C35=220p; 16 V; axial

Ceramic capacitors are plate or
disc types with a fead spacing
of 2.5 mm.

Semiconductors:

D1=6V2; 400 mW zenerdiode
D2...Ds incl.;Doa=1N4148
D7=LD271 or LD271H
Ds=BP104

IC1=NE5534

1C2=CA3240E

IC3=7555 or TLC555

IC4=TBA120S {do not use T or
U types)

ICs =NE565 or LM565C

1Ce=TLO81

IC7=78L10

ICs =LM386

T1;73,Ta=BC5498

T2;Te...T12 incl. =BC5598

Ts=2N2219A

Te=BC5H50C

T7.T8=BC5478

Miscellaneous:

Suitable heat-sink for Ts

PCB Type 87179 (not available
through the Readers Services).

M= 100 4A...1 mA
rectangular S-meter.

Loudspeaker; 8 Q; 0.5 W.

2 off 5-way DIN sockets (180°}.
1 off 2-way DIN loudspeaker
socket.

" See text.

See our
"PROJECT
BUYERS
GUIDE’ this
issue for a
guide to
component
sources and
kit suppliers.

&
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Fig. 11 Track layout and component mounting plan of the PCB for building the IR transceiver.
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are givenin Fig. 11. The board is
cut in two along the dotted line
to enable building the transmit-
ter and the receiver separately.
Commence the construction
with populating the transmitter
board, starting with the single
wire link to the right of P1. All
resistors and diodes, and most
capacitors, are fitted upright.
Use sockets for all 3 ICs, and
observe the correct orientation
before these are plugged in.
Also verify the polarity of the
radial electrolytic capacitors,
and the tantalum bead capaci-
tor, Cio. Do not fit Ts until a
suitable heat-sink to is to hand.
The Q-shaped heat-sink used in
the prototype transmitter was a
type for cooling RGB and video
output transistors on a salvaged
TV chassis. A push-on TOI8 or
TOS style heat-sink is only
usable when the nearby
soldering pins are kept short,
and the enclosure of Ts is well
above the surrounding compo-
nents. Temporarily fit the IRED
direct onto the relevant
soldering pins, but do not cut
off the leads as yet.

The receiver board is also fairly
densely populated. All resistors
are fitted upright, and there is
also a single wire link, namely
in between ICs and ICs. Use
sockets for all ICs. Fit the
photodiode straight onto the
soldering pins, observing the
correct polarity. Push-fit
Ts...Tio incl. and the ceramic
plate or disc capacitors as far as
possible towards the PCB sur-
face before soldering. Volume
control Ps is temporarily fitted
direct onto the relevant
soldering pins. Connect a small
loudspeaker, and a suitable S-
meter, to the relevant terminals
on the board.

An initial test

Place the transmitter some 3
metres away from the receiver,
and point the IR components at
each other. Set the presets on
the transmitter as follows: P1
% cw; P2 to mid-travel; P3 Y4 cw.
Connect the +12 V and | ter-
minals on the transmitter to a
regulated 12 V supply, and ap-
ply a -20 dB; | kHz sine-wave to
the Li-Lr inputs. Power up the
transmitter. The current con-
sumption should not exceed
100 mA., Set U+ to +35 V.
Switch the transmitter off.

Turn the presets on the re-
ceiver board as follows: P4
Ya cw; Ps and Ps to mid-travel;

! P17 % cw. Feed the receiver
from a separate 12 V supply or
battery. Switch on the power,
and turn up the volume control
until steady noise is heard.
Some rattle may be audible if
the photodiode "'sees’” sources
of interference such as the light
from luminescent tubes. Switch
on the transmitter, and adjust
VCO preset P7 until the signal
is heard. Optimize the recep-
tion by adjusting Ps; this is
fairly critical. Reduce or in-
crease the modulation strength
as required. Verify that the
transmitter power can be ad-
justed with Ps.

Block the incident IR beam with
an available object, and
measure the direct voltage at
pin 8 of ICs. Null the S-meter
by adjusting Ps. Restore the IR
link by removing the object,
and reduce or increase the
S-meter

deflection by adjusting Ps until
the fsd. indication is reached.
Due to the tolerance on the bias
voltage on pin 8 of the TBA120S,
it may be necessary to redimen-
sion Ras and/or R3s to ensure a
narrow enough span of the sen-
sitivity preset, P5. It should be
noted that every change in the
setting of feedback preset Pa
requires readjusting Ps. Thanks
to the use of current source Ts,
the S-meter can be almost any
type with a sensitivity of 100 yA
to | mA.

Properly aligned, and without
the use of lenses or reflectors,
the system should have a range
of 6 to 8 metres. Verify this with
the transmitter set to maximum
power, and peak P4 and Pz for

optimum reception when there
is considerable noise on the re-
ceived signal.

The optics

The lens for the receiver is a
type removed from an inex-
pensive looking or reading
glass, available from opticians
or stationers. The quality of the
glass is not important, and the
handle is, of course, not used. A
diameter of about 100 mm is
convenient because it allows
the lens to be fitted into a length
of PVC draining tube, pur-
chased complete with a suit-
able PVC end cap. Two 10 mm
wide rings are cut from the
tubing. A 10 mm wide gap is cut
into each of these these rings to
enable push-fitting them in the
tube, where they keep the lens
securely locked at either side,
still allowing its position to be
adjusted in accordance with
the focal length. Provisionally fit
the lens at one extreme of the
tube and ascertain the focal
length as indicated under Op-
tical amplification. Most lenses
with r=50 mm have a focal
length of about 25 cm. Make a
note of the empirically found
focal length, and mark the en-
visaged, approximate, position
of the photodiode on the out-
side of the tube. The receiver
board is mounted lengthwise
inside the tube, with the
photodiode connected direct
to the input pins.

A perspex disc with a central
hole for the photodiode is cut to
fit into the tube. The front side
of this disc should be painted

12
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Fig. 12 The positioning system for the IRED, and the receiver
assembly ready for fitting into the tube.

matt black, or covered with
black cardboard.

The receiver board is held on a
rectangualar piece of perspex
fitted between the disc and the
PVC end cap. The photodiode
should be level with the front
side of the blackened perspex
disc, and exactly at the centre
of the hole to ensure the correct
position on the axis of the lens.
The rectangular block of
perspex is cut, glued to the
disc, and screwed onto the end
cap for additional stiffness of
the receiver assembly. The end
cap is drilled and cut to hold
the volume control, the S-meter,
and a 5-way DIN socket for con-
necting the headphones or the
loudspeaker, and the power
supply. The cap is secured to
the tube with the aid of 3
screws, which, unlocked,
should enable sliding the re-
ceiver assembly about 40 mm
horizontally.

The tube is fitted on a photogra-
pher’s tripod with the aid of a
suitable mounting plate and
bolt. As a finishing touch, an ad-
justable finder may be mounted
onto it. The receiver assembly
is shown in Fig. 12. :
It should be noted that the use
of infra-red rather than visible
light results in an increase of
about 2% in the stated focal
length of the lens. The average
beamwidth of the previously
discussed receiver system is of
the order of 2°.

The reflector at the transmitter
side is a round headlight or fog
lamp picked up at a car

| breaker’'s yard. The reflective

area should be smooth and un-

| stained. Rectangular reflectors

for use with halogen lights are
less suitable. Select a fairly con-
cave lamp that is complete with
an intact, non-coloured glass
cover, a bulb and mounting
hardware.

Consult Fig. 5c and Fig 12 for
the suggested way of mounting
the IRED. Never attempt to
clean the reflective surface
with anything but a dry cloth.
Remove the bulb and carefully
break and remove the glass.
With some mechanical skill, the
bayonet fitting can be con-
verted into the positioning
system for the IRED. It is poss-
ible, for instance, to divide the
copper surface of a piece of un-
etched circuit board into 3 in-
sulated areas; 2 small ones for
connecting the IRED terminals
to the wires to the transmitter,




while the larger area is used for
fitting 3 spring-loaded, M30x3
adjustment screws, which are
accessed at the rear side.
Before mounting the IRED onto
this plate, the beam must be
converged with the aid of a
standard red, 5 mm LED, which
is temporarily powered from a
12 V supply via a 1 kQ series re-
sistor. Place the reflector as-
sembly in a darkened room,
and find the LED position that
results in a clear red spot pro-
jected onto a vertical surface at
a distance of 6 to 8 metres.
Make the spot as bright and
sharply defined as possible by
adjusting the inclination of the
LED with respect to the axis of
the reflector. The LED can then
be replaced by the IRED, which
should have exactly the same
position. The author’s prototype
mounting system is shown in
front of the receiver assembly
in Fig.l2. Replace the glass
cover, and re-assemble the
lamp. Provide a mounting
system for fitting it onto a pho-
tographer's tripod, or build a
wooden cross for placing the
reflector securely onto a
horizontal surface. The elev-
ation system of the lamp should
be retained and kept oper-
ational.

The transmitter board can be
fited in a suitable ABS
enclosure for securing onto the
vertical rod of the tripod. Do not
forget to drill holes in the top or
bottom lid to enable accessing
the presets. The transmitter in-
put is a 5-way DIN plug, the out-
put to the IRED a 2-way DIN
plug as used for loudspeakers.
Drill additional holes to prevent

overheating of Ts. The zener
diode, D), also gets fairly
warm, but requires no cooling.
The relatively thick supply
wires are secured with a strain
relief and fed through a
grommet.

Field trials, duplex
operation,

applications

Find a line-of-sight path of
about 50 metres for an initial
trial, and increase the distance
covered with, say, 10 metres ata
time. The reflector and the lens
have extremely narrow beam-
widths, and their aiming re-
quires some  experience.
Carefully slide the receiver as-
sembly in the tube, and adjust
the IRED position, until recep-
tion is optimum. For distances
over 1,000 metres it is rec-

and, if possible, a set of PMRs

ommended to use field-glasses |

for maintaining the contact. A
well-aligned finder fitted on the
receiver will soon prove indis-
pensable. Never aim the re-
ceiver tube at the sun when this
is bright; the destruction of the
photodiode will be immediate.
Two-way communication is
possible with a complete
transceiver at both ends. Pro-
vided the reflector is placed
ahead of (but not in front of) the
local receiver, it is not even
necessary to use different fre-
quencies.

Applications of the present
transceiver include wireless
car security systems, and per-
manent, wireless, intercoms be-
tween homes. A security
system can be set up for the
home by placing plane mirrors
at suitable locations. The
transmitter is powerful enough
to project an invisible beam all
around the house. In this appli-
cation, the disappearance of
the carrier could be detected

Various components for building the infra-red transceiver.

by the sounding of an alarm. It
may not always be necessary to
use a reflector and lens of the
size indicated above. Even the
plastic reflector from a pocket
torch, in combination with a
40 mm lens, will enable com-
munication over considerable
distances. Convex or plane mir-
rors could be used for chang-
ing the direction of the IR
beam. More powerful IREDs,
and perhaps even lasers, in
combination with more sensi-
tive photodiodes may increase
the distances covered without
the use of lenses or reflectors,
but care should be taken to sel-
ect a combination for the same
wavelength.

Finally, the maximum distance
covered with prototypes of the
transmitter-receiver was
1,750 m in a single-way link, and
1,350 m in a duplex link. The
author is interested in hearing
about your experiences with

the system through Elektor
Electronics. D;FYZ,Bu
References:

M) Optoelectronics: An In-
troduction. ] Wilson and ] F B
Hawkes (Prentice Hall).

@ Single channel infra-red
remote control system. Elektor
Electronics, January 1982.

A good general introduction
into optoelectronics can be
found in: .
Optoelectronic components.
Siemens handbook, ed. 85/86.
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Fig. 4 Suggested block diagram of a 0 — 30 MHz converter.

| diagram is given in Fig. 4, while

aerial input. Connect a 10 MQ,
5 pF scope probe to the RF side
of Cs. Peak C) for maximum re-
jection of the 9 MHz signal. Set
the band switch to 80 m, place l
the scope probe on the RF side
of L7, and adjust C7 similarly.

A general coverage
receiver

The unit described can form |
the tuneable IF section of a
0—30 MHz communication re-
ceiver. A suggested block

the practical circuit of the syn-

thesizer can be found in ("), The |
output of the converter is fed to
the 20 m input of the present re-
ceiver, whose 80 m input can |
be omitted. Computer control |
of the receiver so made is rela- |

tively simple since all ad-
justments are effected by direct
voltages, which can be
generated with the aid of DACs.
Also, the computer is likely to
be required in any case for

| decoding slow-scan transmis-

sions, RTTY, morse, or FAX. B

Reference:

M) Synthesizer for SW receiver.
Elektor Electronics, July/
August 1987, Supplement page
61. Designs for a mixer, an RF
input amplifier, morse filters,
and a computer interface ap-
pear in the same issue.

Radio Wave Propagation (HF
bands) by F C Judd G2BCX.
Heineman Newnes;
ISBN 0-434-90926-2.
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SSB RECEIVER FOR 20 AND 80 M

Experienced DXers as well as novice SW listeners will appreciate
this compact, sensitive, and relatively simple to build single-
sideband receiver for the popular 20 and 80 metres bands.

The 80 m band extends roughly
from 35 to 4.0 MHz, and its
propagation characteristics
enable "local” communication
over distances up to about
1,000 km. The 20 m band (14 to
14.5 MHz) is ideal for global
communication, provided the
right "paths”, ie., tropospheric
propagation modes, are
available and "open". Very
long distances can be covered
using low power transmitters,
but some knowledge is re-
quired of the maximum usable
frequency (MUF) in the direc-
tion of reception at a given local
time.

Sections of both the 20 and the
80 m band are assigned to radio
amateurs, but the exact band
limits are not the same through-
out the world.

Actually listening to radio
amateurs and utility stations in
these bands is undoubtledly
the best way to learn about their
pecularities as to optimum
propagation conditions for dif-
ferent regions of the world.
The receiver discussed in this
article is a straightforward
design, with manual control.

Block diagram

‘ When the band switch is set as
i shown in the block diagram of

| a bandpass filter dimensioned

for 14 to 145 MHz. A 9 MHz
notch filter is fitted at the input

Fig. 1, the aerial signal is fed to | to prevent strong signals at this

frequency causing  break-
through, interference or inter-
modulation in the intermediate
frequency (IF) section of the re-

[
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Fig. 1 Block diagram of the SSB raceiver for 20 and 80 metres.




ceiver. The output of a voltage-
controlled oscillator (VCO) with
a tuning range of 5 to 5.5 MHz is
buffered, and fed to the local
oscillator (LO) inputs of the ac-
tive mixers that follow the 20 m
and 80 m input sections. The IF
signal is fed to a 9 MHz quartz
crystal filter which ensures a
bandwidth of about 2 kHz. After
the IF amplifier stage comes
the product detector for
demodulating the SSB signals.
The beat frequency oscillator
(BFO) enables detection of the
upper or lower sideband (USB/
LSB). The output signal of the
detector is filtered and fed to
the AF power amplifier, but it is
also used for driving an AGC
(automatic gain control) circuit
with adjustable delay. The AGC
controls the gain of the IF
amplifier.

Circuit description

The circuit diagram of the re-
ceiver is shown in Fig. 2. It is
seen that a single DPDT switch,
S1, selects reception in the 20 m
or 80 m band. The 9 MHg, series
resonant, notches are formed
by L4+-Ce-C7 (80 m) and Li-C2-Ch
(20 m). The aerial signal is ap-
plied to a bandpass composed
of a T-filter, Ls-Ls-Cs, and a
damped, parallel resonant, cir-
cuit L7-Cio-Rs. It is seen that
gates g2 of DG MOSFETs Th and
Tz are connected in parallel to
enable optimum, DC coupled,

driving by the VCO buffer, Te.
The drains of T1 and Tz are also
joined for feeding the mixers
via the damped primary of IF
transformer Ls. Switch section
Sib takes the source of the rel-
evant mixer to ground. The non-
used MOSFET has its source
taken to +12 V via a 100 kQ re-
sistor, and forms a high im-
pedance at the drain. Trimmer
Ci3 is used for peaking Ls at
9 MHz. The bandpass filter for
20 metres is a series-parallel
combination with 2 trimmers for
setting the correct frequency
response.

The VCO is formed by oscillator
Tz and DC coupled buffer Te.
Its output frequency range of §
to 5.5 MHz is set by Ca4, while
tuning is effected with the aid of
the direct voltage from P1 ap-
plied to double varactor De.
The high impedance at g1 of
MOSFET Tz guarantees mini-
mum loading of the parallel
tuned circuit that determines
the frequency of oscillation.
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Parts list

Resistors {+5%):

R1;R12;R21;R23;R32 = 100R

R2;R9;R22;R38 = 4K7

R3;R4:R10;R11;
R24;R25;R26 = 100K

Rs = 1K2

Re:R1s;R18;R29;R33;R39 = 1KQ

R7=68R

Re = 10K

R13=560R

R14=56R

R16;R19=68K

R17;R20=470R

R27;R28 =220K

R30;R31 =4M7

R34=2K2

R3s=1M0

R3s=12R

R37=47R

P1=100K muititurn poten-
tiometer

P2 =250K multiturn preset

P3 = 100K linear potentiometer

Pa = 2K2 logaritmic poten-
tiometer

Ps = 500K

P6 = 10M linear potentiometer

Capacitors:

C1:C7=20p foil trimmer {green}

C2=39p

C3=10p foil trimmer {yellow)

C4;C13:C33;C38;Ca0;Ca4=80p
foil trimmer (purple)

Cs=1p2

Ce =56p

Cs;C10=390p

Ca=18p

C11;C12:C14;C19;C20;C21;C30;
C3s:;Ca2;Ca3;Cas;Ca7
;C63:C64=100n

C15;,C16=270p

C17=4p7

Cis=22p

C22=470p

C23;C41=100p

C24 =40p foil trimmer {red)

C25=180p

C26:C52;Cs9;C62=220n

C27=4%; 16V

C28;C29;Ce0=100y; 16 V

C31,C32;C34;C36;C37,C39;Ca6;
Cso=1n0

Cag=47u; 10V

Ca9;Cs6:Ce6 = 140; 16 V

Cs1;C55=180n

Cs3;Cs4=10n

Cs7=10u; 16 V

Ce1=100yu; 6 V

Ces=1000y; 40 V

Ce7,C68 = 1n0 SMA capacitor

Semiconductors:

D1;D3...D6 incl. = 1N4148
D2=BB212

D7 =zener diode 4V7; 400 mwW
Ds...D11t incl. = 1N40O1
T1.T72;T3;T7=BF982
Ta=BF981

Ts =BF2568

Te=BF451

T8;To9=BF494

IC1=LF356

IC2=LM386

IC3=78L08

1Ca=7812

Inductors:

Li;La;Ls;L7=4uH7

L2;L13=10 uH

L3= 24 wrns 0.3 mm
{SWG30) enamelled copper
wire on core Type T25-6.

Le=82uH

Lea;Lga;Lioa= 25 turns ©0.3
mm {SWG30) enamelled copper
wire on core Type T50-6.

Les;LeB= 5+5 turns turns
20.3 mm (SWG30) enamelled
copper wire.

Lios= 8 turns @0.3 mm
(SWG30) enamelled copper
wire,

Lii= 42 turns ©0.2 mm
(SWG36) enamelled copper
wire on core Type T50-6. Tap
at 4 turns from ground.

Li2= 10 tumns @0.2 mm
{SWG36) enamelled copper
wire through a ferrite bead.

L1a;L15=47mH

L16=100uH

Miscellaneous:

S$1= miniature DPDT switch.

S2= miniature SPDT switch.

S3= DPDT mains switch.

F1= 100 mA fuse plus holder.

X1...Xsincl.= quartz crystal
27.005 MHz (third overtone).

Tri= 15V; 250 mA mains
transformer.

LS= 8 Q; 1 W loudspeaker.

See our
'PROJECT
BUYERS
GUIDE' this

issue for a
guide to
component
sources and
kit suppliers,




the oscillator by taking the
source of T7 to ground via a tap
on inductor Lu. Test point TP2
at the output of the buffer stage
is useful for connecting a fre-
quency meter that can so take
the function of a digital fre-
quency readout.

Mixing is additive for the 80 m
band (35+55=9 MHz), and
subtractive for the 20 m band
(14—5=9 MHz). From this it can
be deduced that the tuning
direction is reversed on the
80 m band, ie., a higher VCO
frequency results in tuning to a
lower input frequency.

A narrow IF bandfilter is set up
with the aid of 3 27.005 MHz,
third overtone, quartz crystals.
Each of these resonates at a
very small offset from its fun-
damental frequency, as deter-
mined by the particular
capacitive arrangement around
it. Each of the crystals forms a
series tuned circuit with a very
high Q (quality) factor. Together
with the capacitance and in-
ductance around them, the
crystals form a 9 MHz IF filter
with a bandwidth of about
2 kHz. MOSFET Ts forms the IF
amplifier whose gain is AGC
controlled, as well as adjustable
with Ps. The amplified IF signal
is coupled out inductively via
Lio. Test point TP1 carries the
filtered IF signal, and can be
used for alignment purposes.
The product detector
demodulating the SSB signal is
formed by Ts, which is fed from
current source Ts. The side-
band (USB/LSB) oscillators are
vitually identical. The crystals
oscillate at the fundamental fre-
quency with a very small offset
from 9 MHz. The output signal
of a sideband oscillator forms
the reference against which the
SSB signal is demodulated.
USB/LSB selection is effected
with the aid of Sz. Trimmer
capacitors Caz and Cas enable
adjusting the output frequency
of the respective oscillator. The
oscillator frequencies can be
checked with a f{requency
meter conected to TPs.

The unfiltered AF signal is
raised in IC\. Diodes D3 and D4
rectify the AF signal to provide
the AGC (automatic gain con-
trol) voltage. The negative bias
voltage on Cs? is made adjust-
able with the Acc DELAY poten-
tiometer, Pa. The bias voltage
on Cs7 is derived from a
stabilized —4.7 V supply set up
around zener diode D7. The

for |

the IF GaIN control, so that the
negative voltage effectively
controls the amplification of T3
by pulling the g1 potential
i below that of the source.

The 2.2 kHz AF filter discussed
under Block diagram is a
double n type between the out-
put of buffer IC1 and AT power
amplifier [Ca.

The power supply for the re-
ceiver is a conventional type
based on the well-known 78

| series of integrated regulators.

| The output of 12 V regulator IC4
is reduced to 8 V in IC3 to ob-
tain the required span of the
tuning voltage at the wiper of
Pi. The minimum tuning
voltage can be set with the aid
of preset Pz,

Construction

The printed circuit board for
the receiver is a double-sided,
but not through-plated, type,
whose component mounting
planis given in Fig. 3. The com-
ponent side of the board func-
tions as a large earth surface.
| The power supply section on
the board may be cut off for
mounting as a separate unit in
the cabinet.

| g
Commence the construction |

with winding inductors L3, Ls,
Lio, L1 and Liz as per the indi-
cations in the parts list. Secure
the wire on the cores using
Araldite or wax, then fit the
completed inductors on the
| board as orientation points,
observing the right connection
of the primary and secondary
windings, and the taps. Pro-
ceed with fitting the soldering
pins, resistors, ready-made in-
ductors, diodes, crystals, and all
fixed capacitors except SMA
types Ce7 and Ces, noting that

soldering is sometimes re-
quired at the component side
also. Pay attention to the
polarization of the radial elec-
trolytic capacitors! Then fit the
transistors and ICs. Ascertain
the pinning of MOSFETs
Ti...Ts incl, and T1, before
these are fitted. Push-fit the
leads of these transistors
securely into the relevant holes
before soldering. The source
connections on T3 and T4 are
also soldered at the component
side of the board. Now fit SMA
capacitors Ce1& Ces direct
onto the source and g2 ter-
minals of the relevant MOSFET.
The presets (P2; Ps) are then
mounted, followed by the trim-
mer capacitors. Care should be
taken not to deform the PTFE
material in the trimmers when
soldering the two ground pins
to the copper surface at the
component side.

It is absoluty necessary to fit
20 mm high screens at the com-
ponent side as indicated by the
dotted lines on the overlay. Cut
these screens from tin plate or
brass sheet, and solder them
vertically onto the board, taking
care not to damage nearby
components. Cut a clearance in
any screen that runs across an
inductor, or a MOSFET with
nearby components. The IF
section is completely screened
with a top plate after setting up
the receiver.

The transformer, mains fuse,

mains entrance socket, and, if |

applicable, the supply board,
are fitted at suitable (and safe)
locations in the metal cabinet.
The layout of the front panel is a
matter of personal preference;
a suggestion is shown in the in-
troductory photograph of this
article. Screened wire should

AGC works in conjunction with | Inside view of the prototype receiver.

be used for connecting the
USB/LSB and the 20/80 m
switch on the front panel to the
respective soldering pins on
the PCB. Twist the wires for
connecting the IF GAIN, AF GAIN,
AGC DELAY, and TUNING poten-
tiometers. Note that the latter is
a multiturn type fitted with a
suitable knob and dial. The
aerial input is an Amphenol
S0239 (Type UHF) or BNC
socket mounted onto the rear
panel of the receiver. The con-
nection to the relevant
soldering pins is made in coax.
Test point TP2 can be connec-
ted to a BNC socket on the rear
panel via a length of thin coax,
eg. RG174. Remember that this
is a DC coupled, low im-
pedance, output.

Setting up
Check the operation of the
power supply before connect-
ing it to the receiver.
Set all presets, trimmer
capacitors and potentiometers
to the centre of their travel.
Connect a frequency meter to
TP2, and adjust C24 and Pz such
that the tuning range of P1 cor-
responds to 5.0 to 5.5 MHz, Set
the band switch to 80 m, and
connect an aerial. Some noise
should be audible. Initially, Ci3,
Cao and Cass are adjusted for
maximum noise output. These
adjustments are fairly critical.
Check that the noise level
varies slightly when the IF GaIN
control is operated. Use TP3 to
measure the output frequency
of the sideband oscillators. Sel-
ect LSB and adjust Cas for
8.9985 MHz. Select USB and ad-
just Cas for 9.0015 MHz. Tune
across the band to find a rela-
tively strong SSB or RTTY trans-
mission. Optimize the setting of
the above trimmers while re-
ducing the IF gain as appro-
priate. Check the function of
the AGC by tuning to a weak
signal. The adjustment of Ps is
to the operator’s preference re-
garding the response of the
AGC circuit. Redo all the ad-
justments to optimize reception
across the whole of the 80 m
band. Switch to 20 m, and peak
the input bandfilter for opti-
mum reception. The notch
filters are adjusted for highest
attenuation at 9 MHz. One of the
9 MHz oscillators can be used
temporarily as an RF signal gen-
erator. Attenuate the signal at
TP3 with a suitable resistance
network, and connect it to the
—to page 51 D>
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DIMMER FOR INDUCTIVE LOADS

A simple circuit overcomes the well-known difficulty in maintaining
the triggered condition of a silicon controlled rectifier when this is
used for regulating inductive loads.

The vast majority of dimmer cir-
cuits is only suitable for
regulating  resistive  (non-
reactive) loads, ie., when there
is no phase difference between
the mains voltage and the load
current. This means that the
trigger pulses can be kept rela-
tively short, since the load cur-
rent is in phase with the mains
voltage immediately after trig-
gering has taken place. Nor-
mally, the load current is
greater than the holding cur-
rent, so that the triac or thyristor
is triggered immediately, and
remains on.

When the load is mainly induc-
tive (eg. a transformer, or a
choke for a fluorescent lamp)
the load current lags the
voltage, and may either not have
reached, or exceeded, the
holding level. The SCR then
conducts briefly, but is
switched off at the end of the
trigger pulse. This unwanted ef-
fect can be kept within limits by
means of stretching of the trig-
ger pulse, triggering by pulse
trains, or the use of an R-C net-
work. The first approach calls
for a control circuit with appro-
priate drive power. The pulse
duration requires exact con-

trolling to prevent pulses occur- 1 load Zi. It is composed of a |

ring after the zero crossing of
the mains voltage, causing er-
roneous triggering. Suitable
circuits to accomplish this are,

understandably, relatively com- |

plex.

A simpler way out is the R-C
network, which in essence
raises the current to the holding
threshold, so that the SCR re-
mains on when the trigger
pulse is inactive. Although SCR
manufacturers usually provide
the relevant design data for this
application, it is still fairly diffi-
cult to dimension the circuit for
optimum and reliable trigger-
ing. In most cases, therefore,
trial and error adjustments are
required, as well as signal
analysis with the aid of an os-
cilloscope.

Triggering by pulse
train

The circuit described here is
based on gate triggering by a
pulse train, yet is composed of
discrete components only.
Figure | shows 3 ways of con-
trolling a triac.

Figure la illustrates a phase
angle controi circuit for the
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triac T, a diac D, and a timing
network R-C, where R is (P),
connected in parallel with D-
A2, and C is connected in
parallel with D-A1 In this cir-

cuit, the triggering is load de- |

pendent, in other words,
synchronization is by the
voltage across the triac, and this
is a function of the load current.
The circuit is, therefore, un-
suitable for regulating highly in-
ductive loads requiring a small
conduction angle. Also, there
exists a strong tendency to
asymetrical operation, which
can be dangerous in view of
saturation of the inducwance
due to the relatively high direct
current.

Figure 1b shows a basic circuit
for triggering the triac by the
mains voltage. Here, timing re-
sistor (P) is connected to the
neutral line instead of parallel
to D-Az. The trigger pulses oc-
cur with a fixed phase differ-
ence of 180°, irrespective of the
load current. Although this cir-
cuit offers more accurate con-
trol of the load than the
previous one, its operation
becomes completely asym-
metrical if the gate angle is
smaller than the angle rep-

resenting the current lag in the
load. Another disadvantage is
the requirement for connection
to the phase and neutral lines as
shown in the diagram.

Figure lc shows a slightly more
complex triac control circuit.
Following the trigger pulse, ad-
ditional pulses are generated
up to the next zero crossing of
the mains voltage. The oper-
ation of the circuit is illustrated
in timing diagram Fig. 2.
Assuming a phase difference,
¢, of 85° between the mains

| voltage and the load current,

and a gate angle, o, of 60°, the
triac is triggered after the trig-
ger delay has lapsed (A), and
remains on up to about 240° (B)
thanks to the pulse train. It is
blocked at point B, but is im-
mediately retriggered by the
next repetitive gate pulse. The
operation is slightly asymtrical
during the first half periods, but
the duration of conduction
gradually becomes more
balanced, as shown by the dot-
ted curve.

The practical circuit

The circuit diagram of the dim-
mer for inductive loads is given




in Fig. 3. A small, sensitive,
auxiliary triac, Triz, generates
the pulse train necessary for
maintaining the gate control
signal for Trii. Capacitor Ci,
compensation resistor Rs and
potentiometer Pz define the
gate angle ¢. Preset P1 enables
setting the minimum conduc-
tion angle, so ensuring reliable
triggering of Trii even when

Capacitor Ci is charged from
0V, and diac Dii triggers as
soon as its breakover voltage is
reached. The set conduction
angle is equal for both half
periods.

A first pulse is applied to the
gate of TRii, and the voltage
surge on Rs triggers Triz. Once
this is on, it bypasses resistance
(Ra+ Pz // R3+Py), so that the re-

have a much shorter period
(Rs+Re)C1. After this delay, Triz
is triggered, starting a new
cycle. A succession of pulses is
applied to the gate of the main
triac, Trii, untii the mains
voltage reaches the zero cross-
ing. Triac Triz is then blocked,
so that the charging of Ci dur-
ing the following half period is
determined by the time con-

the load current is fairly low. | maining charge cycles of Ci | stant set by the resistance
ta o c
—T——A
2. &
@ 87181-1a
b P @—— 4
! J
@ 87181-1¢
N

87181-1b

Fig. 1 Three ways of controlling the gate angle in a triac based dimmer.

(Re+P2 // R3+P1). Once more
consult the timing diagram of
Fig. 2 for further details on the
operation of the circuit.

Zener diodes Ds...Ds incl. af-
ford protection against over-
voltage, and at the same time
ensure a stable supply voltage
for the trigger circuit,
eliminating instability due to
fluctuations on the mains.
Diodes Di...Dsa incl. and
resistors R1 and Rz ensure that
Ci is completely discharged
during the zero crossings, so
that the hysteresis remains
within acceptable limits. Damp-
ing network Cz2-R7 has a stabiliz-
ing effect on the control
circuitry because it suppresses
needle pulses originating from
the inductive load when this
draws less than the holding cur-
rent of the main triac.

Construction: safety
first

The dimmer is constructed on
the printed circuit board shown
in Fig. 4. Power resistor Rs
should be fitted slightly off the
board to allow for its dissipated
heat. Inductor L1 is a common
triac suppressor choke, which
is not strictly required for in-

Y mains

(Xy3 : conduction angle during 13t & 2nd half period
Is :blocking of triac
A: yriac conducts
B : triac is blocked
8 triggering delay time
@ : current lag at{ull angte

O ) o 5 S e 3 e S 53 s .., ___~-v..-._____<---_l
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'—-—1
1000 w
250V
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— =3
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|
| 0s
TIC2060-P
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07,
o8y
] A1 F3
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i *w
= C
05..08 = 33V / 1W 871813

Fig. 2 Triggering by a pulse train synchronized with the mains

voltage.

Fig. 3 Circuit diagram of the dimmer for inductive loads.
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Fig. 4 Track layout and component mounting plan for the dimmer PCB,

ductive loads. For resistive
loads, however, it should not be
omitted because it limits the
switch current surges. The in-
ductance and current rating of
L1 are as required by the load;
the indicated values of 100 yH
and 10 A are only required
when the dimmer is used for
regulating loads of the order of
750 W and more. The size of the
heat-sink for Tri: is mainly de-
termined by the available space
in the ABS enclosure. A few

COMPUTERS

1

ADE] MODEM Ki

24 Burwood Hwy (Rd)
BURWOOD 3125 (03)288-2144
(03)288-9067. FAX:(03)288-0781
BANKCARD-VISA-MASTERCARD WELCOME

holes should be drilled in the
lid to ensure sufficient cooling

of Rs and Trii. Make sure that |

the whole unit is rugged and |

properly insulated. If used, the
input and output cable should
be fed through a grommet, and
secured by a suitable strain
relief. Be sure to use a poten-
tiometer with a plastic shaft.

VARIOUS PARTS IN THE DIM-
MER CARRY THE MAINS
VOLTAGE AND ARE,
THEREFORE,
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TO TOUCH WHEN THE UNIT
IS OPERATIONAL.

Finally, the circuit described of-

| fers good accuracy of control
without the need for an ad- |

ditional supply. It enables vir-
tualy complete variation of
power on inductive loads rated
up to approximately 1,000 W.Sv

Source:

Triac Applications, Thomson

DANGEROUS | Semiconductors.

|
|
|

Simple to build direct-connect modems on
single-sided boards for easy building.

300/300 - 1200/75 — 75/1200 Modem
Kit — $95. Built & Tested - $155,
¢/w Phone - $240

Parts list

Resistors {+5%):

R1;R2=47K; 1 W

R3=150K

Ra=27K

Rs=10K; 10 W

Re=4K7

R7=220R; 1 W

Re=1KO

P1=1M0

P2=220K or 250K linear poten-
tiometer with insulated shaft.

Capacitors:

C1=100n; 100 VAC
C2=100n; 250 VAC

Inductor:

L1 = dimmer suppression choke
eg. 47uH; 10 A"

Semiconductors:

D1...Da4 incl. = IN4004

Ds...Dgincl.=33V; 1 W
zener diode

Di1 = genera! purpose 32 V diac,
e.g. ER900, ST2, D132AC, or
BR100-03".

Tri1=TIC263D"

Tri2=TIC206D-P

Miscellaneous:

F1= 6.3 A fuse with PCB mount
holder.

Suitable ABS enclosure.

Grommet and strain relief for
mains wire.

5-way screw terminal block for
PCB edge mounting.

T0220-style heat-sink for Tri1.

PCB Type 87181 {available
through the Readers Services).

See our
'PROJECT
BUYERS
GUIDE’ this

issue for a
guide to
component
sources and
kit suppliers.

FROM $95!

PC-Internal Kit—-$125
Avuto-dial - extra $45




“Plugpack™
enclosure

This clever new product from Jaycar should find dozens of
uses amongst project builders, designers and enthusiasts.

The enclosure, which mea-
sures 78 mm long x 50 mm wide x
40 mm usable depth has a
moulded 240 V 3-pin insert
which can be rotated through 180
degrees, allowing the adaptor to
mount inany of three positions.

There is generous space inside
the enclosure to mount relays,
electronics or whatever you like.
By fitting a small transformer, it
would even be possible to build
your own custom plug packs.

The enclosure costs just $14.95
and carries Jaycar's catalogue
number HB-5950. We have no
doubt that many mains powered
projects will be making use of
thisunique and useful product.

For further information, see
your nearest Jaycar outlet, five in
Sydney, two in Melbourne and
onein Brisbane.

Cheaper coax
relays

Any radio amateur will tell
you the advantages of using
proper coaxial relays. The low
loss and correct impedance
makes them a far better choice
than normal relays and in VHF/
UHF designs, their use is almost
mandatory.

Dick Smith Electronics are cur-
rently offering their §-7402 pc
mounted coaxial rclay at only
$29.95 which puts them back to
the same price advertised in the
1986 DSE catalogue!

Thisrepresents a very good sav-

ing as the last time I looked. they
were over $37.00 each.

The mini pc board mounting
relays have fully enclosed con-
tacts and the coil is rated at 12
Vdc at 80 mA. The size is 35 mm
square x 15 mm high and the
relay is suitable for use up to 1000
MHz.

Ideal for bypass switching in
power amplifiers, preamplifiers
or antenna switching units, it
would be worth grabbing a
couple at this special price.

See your nearest Dick Smith
Electronics outlet for further
information.

Precisiontrimpot

Il Electronic Components in

Melbourne currently has
stocks of genuine Bourns preci-
sion panel mount trimpots.

These fully sealed 2.5 k ohm
trimpots are ideal where you
don't want to sacrifice quality, but
don't wantto pay afortuneeither.

The metal body of the trimpot
is 13 mm in diameter and the 15
mm long shaft is 3 mm in diame-
ter. A slot is provided in the end
of the shaft for screwdriveradjust-
ment or a suitable knob could be
used if desired.

Each pot is supplied with a
matching nut and lockwasher for
mounting on a panel.

Connection to the pot is by
means of small wire leads at the
end of the body, so it is possibleto
use it for direct pc board mount-
ing as well as panel mounting if

PROJECT BUYERS GUIDE

The AEM4609 Computer-Teleprinter Interface project uses com-
monly available, off-the-shelf components so you should not experi-
ence any component supply problems, The M-2155 transformer and
4N28 opto-isolator IC can be obtained from a great many retailers.
The ones for our prototype came from Geoff Wood Electronics in
Sydney.

The AEM3015 Balun project uses very few parts so you should
not have any difficulty with this one! The case used in our prototype
was a plastic jiffy box available from Jaycar with the catalogue
number of HB-6013. Geoff Wood Electronics also carry a similar
range of jiffy boxes with plastic lids. The SO239 socket is widely
available from most retailers. The single hole mounting type are
quite adequate for this application, but make sure you choose one
with a ground lug.

The Amidon toroids for the 3015 Balun are obtainable by mail
order from Stewart Electronic Components Pty Ltd, PO Box 281,
Oakleigh 3166, Vic. Telephone (03)543 3733. Cost is $11.20inc. tax
and postage for the T200-2 and $3.90 for the T68-2. Melbourne resi-
dents will find their store in Huntingdale. Phone first to check stock
availability. We understand that Geoff Wood Electronics of Sydney
also carry the T200-2.

The AEM6507 equalizer project should not present any difficul-
ties. The 45 mm 50k linear slider pots are available from Jaycar
under their catalogue number RP-3912. The MKT caps are available
from both Geoff Wood Electronics in Sydney and Eagle Electronics
in Adelaide, although other retailers will probably carry suitable
devices as well. The TLO74 quad op-amps are available from Dick
Smith Electronics, Jaycar, Altronics, Ritronics and a host of other
retailers. If you have any difficulties you can use LF347N devices as
a substitute (it's an equivalent).

The Long-Range Infrared Transmitter-Receiver in this month’s
Elektor section is for the adventurous enthusiast. The design hinges
on the two Siemens infrared semis — the LD271 IR LED and the
BP104 IR detector diode. These are scarce devices, so be prepared
to shop around. Stewart Electronics in Melbourne can supply some
GE devices which may be substituted if you're prepared for a little
experimentation to make it work. The relatively more common
CQY89/BPW50 combination may be tried, but you will have to be
prepared to accept some performance degradation as they don't
match the performance of the Siemens devices. The receiveruses a
TBA120S FM detector, carried by some suppliers as a replacement
part. Again, this is obtainable from Stewart Electronics in Mel-
bourne, or you could try Geoff Wood Electronics in Sydney and
Radio Parts in Melbourne. Pretty well everything else is readily avail-
able.

The SSB Receiver for 20 and 80 Metres should present few dif-
ficulties in component supply, provided you dont expect to get
everything at your local electronics shop. Pretty well the full comple-
ment of semiconductors and coil coniponents may be obtained from
Stewart Electronics in Melbourne, and you might as well hit them for
the rest of the parts, t0o. They might even be able to order the crys-
tals for you.

The Dimmer for Inductive Loads should find wide application. The
parts present few difficulties, with the exception perhaps of the sup-
pression choke. Its value is non-critical, so all you need do is wind
enough turns on a suitable iron powder of 15-22 mm diameter to fill
the core (wind insulation tape on the core first). Jaycar stock a suita-
ble core for the application, cat. no. LF-1240. Stewart Electronics in
Melbourne may be able to suggest a suitable Amidon ring core. The
semiconductors may be obtained from a number of suppliers. The
TIC range (as specified) includes a variety of types that may be
readily substituted, but note that whatever's used for Tri1 must be
able to handle the intended load. Geoff Wood Electronics in Sydney
stocks a range of TIC-type triacs. Various types of the diacs
specified are stocked by many suppliers, the ST2 and BR100-03
probably being the most common.

you wish.

pots are available from All Elec-

tronic Components, 118-122
Lonsdale Street, Melbgurne
3000 Vic. (03)662 3506.

Priced at just $3.50 each. the
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TELEPHONE RINGER HIGH IMPEDANCE AC/
Ref: Silicon Chip Dec '87 DC MI LLIVO LTM ETE R

mvérn 24 TO 12V

JAYCAR

nveas l| CONVERTER

. . If you are tred of the sound of your phone, try this kit
jﬁ;g:g Ref: Stlicon Chip Dec '87 Mounts tnside phone - tncludes buzzer. 4 Ref: EA Dec '87
Well sutted to run 12 volt appltances from 24 Cat. KC-5015 This kit will measure AC and DC signals down
volt. Can deliver up to 5 amps. to a couple of millivolts, with negligtble circut
Complete kit $ ] 9 . 95 loading. Complete kit with case and meter.

Cat. KC-5017

$59.00
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SOLAR GENERATOR

UNIVERSAL SPEED CONTROL | SUB CARRIER ADAPTORS )

Refi ETI Dec 87 . ; & LAMP DIMMER FOR FM TUNERS

no fuss way lop. | .! Ref: Slicon Chip Dec '87 Ref: Stlicon Chip Dec '87

trickle charge a | -- Use for control of drills, fans, electric blankets, soldering Listen to hidden transmissions on FM broadcasts.
12V car bal‘t’cry. | --.-- frons or a dtmmer. Complete kit with box, mains leads, etc. PC board and components.

PC board and | ---= Cat. KC-5016 Cat KC-5014

parts. $

Cat KE-4730 M 22-95

AUSTRALIAN

$12.9§ N 'PASSIVE “BANDPASS” SUBWOOFER
Ref: AEM Sept '87

® b=
\ 4 After much interest {n this project, we wil have avaslable the 3mH
Cat KM-3064 tnductors. Th fers, aker termtnals, cabl d tnnerbond 1 stock lines.
(OCTAVE EQUALISER MODULE §49 0 | | Bt T T o, e ek

Ref: AEM Decc '87 Cat CW-2136 Cat. CX-2640

This one octave EQ module 1s suited for PA and professional use. Kit ) $ ] 96_00 eqac h $ ] 3_50 eqc h

\suppllcd with all components, pots, PCB. No box or hardware. J
— =\ /7 — ; — 7 ~
[ | CAPACITANCE | (!GHz Digital Frequency Meter! VOICE OPERATED RELAY
425 e o et Ref: EA Nov 1987
) M ETE R FO R glt;:;g:r:\ba;glzhfﬂ:slnﬁ:&i::?nT(;l;;:’eﬂiange Elecvialcs :he need to push the button when using a
’ microphone. X
D.M.M. g R | e T

Ref: Stlicon Chip Nov 1987 8 digit LED readout. Cat. KA-1692 i
A great project from a new Cat KC-5013 524 . 95

thly electroni g
magane - senenp. | | ONLY $299.00 =
et 3 (OFF HOOK INDICATOR
capacitance tester for Fo R P H 0 N E

only $27.95.

Ranges are 0 - 2200pF

and O - 2.2pF. Complete Ref: Silicon Chip Nov 1987

dt If you have two or more telephones on the one line,
with this project a LED will flash on the phones not
used to tndicate the line 1s in use. One kit is nceded

Cat. KC-5010 .

. . " » .
$27 . 95 0 \\._l g for each telephone.

. VA B blozu;i an)d components supplied. (Unit mounts
e HIGH QUALITY N [t
GUITAR PREAMP

Y4

METRONOME Cat KC-5011
Ref: EA Nov 1987 \$19095 )

Printed circutt board

Ref: ET1 Nov 1987 —\

F:alurcs of the ETI 1424 include a top boost and ;r;d;tctmmcs supplied. | /7~ VOLTAG E &

normal tnput, two pre-eq line inputs, bass & treble Cat. KA-1693

ontrols, effects send and return, sweep eq. 4 post \
:q &rlu:c ln;ulssa:\d master volume. PCB pots $19.95 P CONTINUITY
lted when avaflable. 6.5mm sockets, N
:;pnx;fonncr and knobs are not supplicd. : TESTE R
Cat KE-4729 5 Ref: EA Nov 1987
: This handy voltage and
$45 O 00 ’ continuity lc:(s)lcr tests AC
d DC voltag d als:

e CAR RADIO POWER SUPPLY JAYCAR MANAGEMENT " Gntmulty tn iethnd |
}:;gﬁg Ref: Stlicon Chip Nov 1987 AND STAFF WOULD LIKE gal;lc;.A 1664

Put that old car radio that's laying around to good a -
’chﬁg . use asaa :nanU;/rki(lchcni;gsaragc/sunmm’n radio. To WISH ALL OUR $29 95
iAYgAR Our kit includes PCB, transforiner and components. CUSTOMERS A VERY . )
JAYCAR You need the radio and speakers. 6 x 4 speakers
JAYCAR $10.95 each (Cat. AS-3014) MERRY CHRISTMAS NEW KITS FOR
IAYCAR Cat. KC-5012 b NS
JAYCAR s & A HAPPY NEW YEAR
wear (\°28.95 el NOVEMBER )
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NIGHT SECURITY SENSOR | GREAT XMAS GIFT - — el
This brilltant new product uses a butlt-in passtve infra red (PIR) detector LCD TI—mRMOmTER » Easy to read JAYCAR
that reacts instantly to body heat, and activates a light when a person I . Tcmgeralurc tn °C or °F I jﬁzg:g
approaches your home. The light is automatically turmed off when the ‘rE AI‘ARM * Loud alarm
person leaves. The sensor will switch up to 600 watts and when set I TRA L CLOCK * Snooze setting I jﬁz%ﬁs
will only operate at night. After triggered, the lights can be adjusted BRAND NEW DESIGN * Easy to set JAYCAR
to remain on anywhere between 5 seconds and 10 minutes. I It's about the stze of a credit card, measures * Small size I JAYCAF
Features: - I 85 x 55 x 8mm thick and is supplied in a * Carry wallet I jﬁzg:;
» Compact design handy wallet. * Quartz accuracy JAYCAF
* Fully automatic I idcal for travelling. it has an alarm which is Cat. XW-0392 I JAYCAF
* Sccurity - keeps intruders away LOUD enough to wake even a heavy slecper $29 95 JAYCAF
* Safety - no more groping in the dark I AND 1t has snooze function. It's easy to set * I JAYCAF
« Conventent - hands free operation the time and alarm time. Display temperature JAYgAE
 Compatible with tncandescent, flourescent. n cither Celctus or fahrenheit. Uses one LR-44 battery. JAYCA
quartz and halogen lighting TcurERATURE SCALE Agtse jﬁzgﬁ:
+ indoor/outdoor applications H b TMESET | ALARM
JAYCAF
« Suitable for entrances, porches, patios, TOZEsATURE \ e | e JAYCAF
stairways, garages. basements, I nesoma _—— * g I JAYCAF
hallways, closets, attics, storerooms, JAYCAF
warchouses, workshops, etc. I I JAYCAF
» Can be operated in daylight or darkness jﬁ;gﬁ{
Specifications: | Atanuon . 1 suome [ | savcas
* Detection coverage - 12 mt long x 110° INDICATOR " switcn JAYCAI
wide (fan shape) | | | acas
¢ Detection zone - 38 beams JAYCAL
« Mounting heght - 1.8 - 2 metres | | JAYCAI
* Power consumption - 3 watts maximum JAYCAI
* Lighting load - 600 watts max. N rmenaomg wwvreswtew J jﬁzg::
* Water resistant JAYCAI
* 240V AC operated JAYCA!
0 - JAYCAI
DON'T PAY $199 use existing lights e miodict from Electroiite et Javen
Cat. LA-5130 It's pure compressed inert gas for transmitter. For new designs. jﬁzg:
ONLY S 1 1 5 removal of dust and air borne the MAX232CPE makes an JAYCA
contamination from very delicate excellent replacement for the JAYCA
ang tnaccessible areas of clectrical 1488 and 1489. JAYCA
TWEETY PIE andielectroniclequipment. Features: » Mceta all EIA JAYCA
400 mi spray pack - 550¢ nett RS232C specs ¢ Generates JAYCA
. NA-1018 L JAYCA
This incredibly little ptezo ! Cat. NA +9V output from 5V supply * JAYCA
screamer measures 57(L) x ; Highly useful when £12V JAYCA
33(H)mm emits a 116dB r - supply 1s required for RS232 JAYCA
wall. It's deafening! As 'P", . drivers, but is not avatlable © JAYCA
used in the screamer car - +30V input levels ¢ Also JAYCA
alarm kit. converts RS232 levels to TTL JAYCA
Cat. LA-5255 Vv levels ¢ 2 tnputs ¢ 2 outputs j:;g:
ONLY®17.95 - $12.0 Al
. JAY
\ : 12.95 JAYCA
Yoy JAYCA
CORDLESS PHONE JAYGA
The fabulous Portable Telepho: Otha(you take AVTEK MEGAMODEM - NEW MODELS jﬁzg:
c ¢ Telephone can
anywhere around the house, garden or swimming pool. Don't buy tmported /unsupported modems when Australian
Microprocessor controlled with a range of up to 250 metres destgned and manufactured models cost
and absolute clarity. less. Compare the features - look at the value. 12 month
o extended warranty on both modems.
« Stmple to use and casy to install - just plug in SPECIFICATIONS:
+ Operating range up to 250 metres (800 ft) Speeds 300 Baud Full Duplex - both models
« Security code system with 16,348 combinations 1200/75 for VIATEL - model 123
« Call function at base unit to alert handset 1200 Baud Full Duplex - both models
« Pulse dialling with audible tone feedback at the touch of a key Data Standards V21, V22 - both models
Cat. YT-7065 V23 - 123 model only
Command Set Hayes with extensions]
SAVE $70 WAS $269 , interface CCITT V24 (RS232)
Data Format Asynchronous
NOW ONLY $199 GREAT X'MAS GIFT Power it
\_ Size 27(H) x 120{W) x 157(D)mm
Indicators 8 LEDs
Internal diagnostic loop back.
Model 12 cCat. XC-4850
W
= AVTEK Mega Modem $375 2
Model 1°23cat. XC-4855 YQUELAI I
HS AA  CD OH RD SD TR MR $449 MADE
G et il R el G —— e 28
- Avtek Minitmodem still avatlable Cat. XC-4825 $ 199
AYCA
JAYCA
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aem project 6507

A one-ociave

equalizer module

David Tilbrook
Technical Systems Australia Pty Lid

Here’s a ten-band graphic equalizer that delivers top performance at an
affordable price. It's ideal for sound reinforcement and PA system
applications and teams well with projects we've previously published for

such applications.

IN THE PAST we have described several MOSFET power
amplifier modules and associated equipment, much of
which is suitable for use in professional sound re-enforce-
ment and public address applications. The widespread use
of these modules in such applications has led to a require-
ment for the development of a good quality one-octave
graphic equalizer module. The octave equalizer module
described in this article provides good distortion and noise
figures making them suitable for inclusion in a wide range of
systems.

Background

A graphic equalizer is a device which divides the audio spec-
trum into a set of pass bands and allows independent adjust-
ment of the relative levels of signal frequencies within these
pass bands. In a one-octave equalizer such as this one the
audio spectrum is divided into ten overlapping frequency
regions. The centre frequencies of each of these regions have
been set according to the industry standard frequencies: 32
Hz, 64 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz
and 16 kHz. Notice that these frequencies are one-octave
apart.

Itis also possible to design graphic equalizers with a larger
number of frequency bands spaced at either one-half octave
or more commonly, one-third octave, intervals. A one-third
octave graphic equalizer allows greater flexibility owing to
the greater number of adjustments over the audio passband
but it also necessitates the use of sharper or higher Q filters
which have greater audible anomalies and phase shifts.

AEMG6507 OCTAVE EQUALIZER SPECIFICATIONS

The project

The AEM6507 One-Octave Equalizer is based on the same
principle that is employed in most modern graphic equaliz-
ers. A series resonant circuit is incorporated into the negative
feedback loop of a high quality operational amplifier in such
a way that an associated slide potentiometer can vary the
amount of feedback applied within the frequency range
determined by the series resonant circuit. In this design we
have employed three TLO74 operational amplifiers (or its
equivalent, the LF347) which are quad JFET-input op-amps
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Figure 1 -

(3300

CiRCUIT DIAGRAM OF THE SIMULATED INDUCTOR OR
GYRATOR AND ITS EQUIVALENT CIRCUIT

Centre Frequencies

—industry standard:

32 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz,
1kHz, 2 kHz, 4 kHz, 8 kHz, 16 kHz

Boostandcut .......... ... .. ... .. ..

Frequency Response .................................

(all controls at centre)

12dB

................ 10 Hz to 100 kHz, +0/-3 dB

THD 0.008%, 20 Hz-10 kHz (with respect to 1 V input signal)

Voltage gain
(controis at centre)

105 dB “A" weighted (with respect to 1 V input signal).
........................ approx 5, i.e: 14 dB
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The module comprises two boards, one for the “glectronics” (above) and one for the slide pots (below), mounted back-to-
back. The view below shows the interconnections. Measuring 75 x 150 mm, two modules will fit side by side in a standard

two-unit high 19” rack cabinet.
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with good slew-rate and noise performance.

To form the series resonance circuit we have employed a
capacitor in series with a “simulated inductor”, rather than
an actual inductor. The simulated inductor or “Gyrator”, as it
is known, is formed from an operational amplifier which is
used to convert the phase shift introduced by a capacitor to
that which would be introduced by an inductor. The circuit
shown here represents the fundamental circuit of the
Gyrator.

Notice that this Gyrator circuit simulates an inductor with
a parallel and series resistance just like a real inductor. Of
course, a real inductor does not have a parallel resistance of
330k, its parallel resistance would be many thousands of
megohms depending on the quality wire used to wind the
coil, but the relatively low value of parallel resistance does
not cause a problem in our application. In fact, this circuit

] m
=

can be used in the vast majority ot circuits requiring an
inductor. The value of inductance simulated by the circuit is
simply given by the product of the two resistors and the
capacitor.

One problem associated with all Gyrator circuits, however,
is that of phase shifts introduced by the operational
amplifiers at higher frequencies. To overcome this problem it
is necessary to use an op-amp with an adequately large slew-
rate figure and extended open-loop bandwidth. This is one of
the reasons we elected to use a TLO74 op-amp for this design
since its slew-rate and bandwidth figures are excellent and
well suited to the task.

Using a graphic

All graphic equalizers, be they one-octave or one-third octave
instruments, must be used with skill. A good general rule >
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Component overlay for the slider pot board.

when employing any equalizer is to use as little equalization
as possible. Unfortunately, in many listening environments it
is necessary to employ reasonably substantial modification
to the frequency response of the listening area or perhaps the
loudspeakers. Many professional applications take place in
“difficult” listening environments such as large reverberant
halls or rooms with generally poor acoustic properties.

In listening venues which feature both long reverberation
times and a large degree of reverberation, the intelligibility of
speech and other sound sources can be greatly impaired.
Unfortunately, little can be done to correct serious problems
of reverberation with a graphic equalizer, something must be
done about the environment — cure the cause, an equalizer
can only attack the symptom.

When the problem is less severe, however, the subjective
effect is usually one of a “brightening” of the overall sound
characteristic.

7ou}-
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TO “A” ON BOARD A

TO “B” ON BOARD A

The opposite problem to this occurs in a listening environ-
ment which is too highly damped. In such an environmenta
“lifeless” or dull acoustic performance will result due to the
excessive attenuation of certain frequency bands within the
audio spectrum. This is where a graphic equalizer can play
its part since it enables the operator to increase or decrease
the amount of energy within certain frequency bands. A
graphic equalizer can also be very useful to assist in the
reduction of oscillation — feedback — of the sound system. In
bad cases of acoustic feedback, or “how!l-round” as it some-
times referred to, a one-third octave graphic equalizer is pre-
ferred, while for severe cases notch filters or phase shifters
are usually employed.

The one-octave graphic equalizer described here is suita-
ble for modification of the overall frequency response of the
listening area or of the loudspeakers employed. It is not really
suitable for major modifications over short frequency ranges >
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CIRCUIT DESCRIPTION

In order to best understand the operation of the graphic equalizer it
is useful to look at a simplified circuit diagram shown in Figure A.
Here an input signal is applied to the non-inverting input of an IC
operationa! amplifier via a 10k resistor. Négative feedback is applied
to the inverting input of the op-amp via another 10k resistor. A slide
potentiometer is attached between the non-inverting and the invert-
ing inputs and its wiper is connected to ground through an impe-
dance network.

L=l

Figure A ) - ¢

Figure B

If it is assumed for a moment that the impedance network is a sim-
ple resistor and that the slide potentiometer is set at its centre posi-
tion, then the input 10k resistor and the resistance of one half of the
slide pot and the resistor representing the impedance to ground
combine to form a potential divider which decreases the input signal
applied to the non-inverting input of the op-amp. At the same time
the 10k feedback resistor, the other half of the siide pot and the resis-
tive element to ground combine to form a similar potential divider
which sets a gain for the operational amplifier which will exactly can-
cel the attenuation provided by the first potential divider. In this posi-
tion the overall gain of the circuit is unity (1).

If the pot wiper is now moved toward the end of the pot connected
to the op-amp’s inverting input then the gain of the stage is
increased as the amount of the overall negative feedback is
decreased. At the same time, the amount of attenuation provided by
the input 10k resistor and its associated potential divider is
decreased so the overall gain of the circuit increases dramatically.
The amount of voltage gained provided will be determined by the
impedance of the impedance network, Z. A precisely opposite effect
occurs if the wiper is moved towards the non-inverting input of the IC
operational amplifier. In this case the gain of the op-amp is
decreased at the same time as the input attenuation is increased.

If the impedance network Z, which we have assumed until now
was a simple resistor, is replaced by a series resonant circuit, then
this scheme will ensure that the gain of the amplifier can be
increased or decreased within the frequency passband established
by the Q and the centre frequency of the series resonant circuit.

To form the series resonant circuits, capacitors are placed in
series with Gyrators to form an LCR resonant circuit. The operation
of the Gyrator was discussed in the main body of the article. The for-
mula given in Figure 1 in the main article can be used to calculate
the value of inductance that is simulated by the Gyrator. Once this
has been calculated, the resonant frequency of the series reso-
nance circuit is given by the standard formula shown in Figure B.

The input to the octave equalizer module is coupled via the 10 uF
bi-polar capacitor C1 to the non-inverting input of IC3a. The 12k
resistor R22 provides a dc ground reference for the non-inverting
input of the op-amp, while the 270k resistor R21 ensures that both
sides of capacitor C1 remain at ground for dc purposes. IC3a is con-
figured as a non-inverting amplifier with a gain of approximately 5.7,
as determined by the network consisting of R24 and R23. Capacitor
C2 s incorporated to reduce the gain of IC3a to unity at dc so as to
minimise the effect of dc offsets on the output of IC3a. Resistor R25
is the 10k resistor discussed in Figure A above while IC3B provides
the op-amp function discussed in Figure A. Similarly, R26 is the
feedback resistor discussed in Figure A.

In the actual graphic equalizer we have ten slide pots instead of
one, and ten series resonant circuits. Each resonant circuit is set at
a centre frequency corresponding to one of the ten industry stan-
dard frequencies. Resistor R27 is provided to buffer the negative
feedback loop of IC3B to ensure stability of the circuit with difficult
loads while the 10 uF bi-polar capacitor C4 decouples the output for
dc. Resistor R28 (270k) has been included to ensure that the output
remains at zero volts dc.

ICs 1 and 2 are provided with supply decoupling while IC3 is con-
nected directly to the supply lines. This decoupling is there to ensure
that the operation amplifiers do not interact with one another to pro-
duce instability, a problem which can often occur in multi op-amp cir-
cuits. The supply decoupling is provided by resistors R29, R30, R31
and R32 and capacitors C29, C30, C31 and C32. The electrolytic
capacitors C25 and C26 and their paraliel 100n capacitors C27 and
C28 provide onboard supply filtering.
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COMPONENT

PINOUTS AEM6507 PARTS LIST
Semiconductors .
IC1-IC3 ......... TLO74, LF347
Resistors all 4 W, 5%
R1-R10 ................ 330k
R11-R20 ............... 680R
R21 ... . i 270k
R22 . ... . 12k
R23 ... 1k
R24 . ................... 4k7
R25-R26 ................. 10k
R27 .. 100R
‘ R2B ... ... 270k
Mrda Ll R29-R32 ................ 10R
+ Lot RV1-RV1O . ............ 50K/A,
RATED VOLTAGE 45 mm slide pot.
Capacitors
Cl........... 10u/25 V bi-polar
C2 ... 22u/25 V"
C3............. 180p styroseal
Ca........... 10u/25 V bi-polar
C5..... 2u2 MKT, metallised poly
C6 ..o 56n MKT, " *
C7 . 1u MKT, *
C8 ... 270 MKT, * "
CO ... ... 470n MKT, " "
C10 ............. 15n MKT, “ "
[ & 270n MKT, “*
C12 ............. 6n8 MKT,
C13 ............ 100n MKT,
Cl4 ............. 3n9 MKT,
C15 ... 68n MKT,
C16 ............. 1n8 MKT,
C17 ... ... .. 33n MKT, “ "
c18 ............ 820p styroseal
C19 ... .. ... 15n MKT
C20 ............ 470p styroseal
C21 ... 8n2 MKT
C22 ............ 220p styroseal
C23 ... 3n9 MKT
See our C24 ............ 120p styroseal
'PROJECT C25,C26 . .. 100u/20 V RB electro.
C27,.C28 ........... 100n MKT
sl C29-C32 ............ 10n MKT

GUIDE' this
Miscellaneous

AEM6507a/b pc boards; four 12 mm
spacers; four 15 mm 6 BA bolts

and nuts; 22g tinned copper wire;
short length of hookup wire.

Estimated cost: $95-$108

issue for a
guide to
component
sources and
kit suppliers.

within the audio spectrum, such as might be required in par-
ticularly bad acoustic situations. A one-octave equalizer,
however, is the optimum solution for certain problems. A
loudspeaker system which lacks bass or is too bright, for
example, is best corrected using a one-octave equalizer since
the low Q associated with each of the frequency bands
minimises the extent of the phase shift anomalies which all
equalizers will introduce.

Construction

Since the one-octave equalizer module divides the audio fre-
quency spectrum into ten segments, a total of ten slidepots
are used which must be connected to the printed circuit
board containing the bulk of the circuitry. To facilitate ease of
mounting of these slide potentiometers we have provided a
pc board which will accommodate a group of common 45

mm slide pots. If you are using the slide pot printed circuit
board the ten slide pots simply solder into position on the cir-
cuit board then the entire circuit board can be bolted to a
front panel using several of the tapped holes provided on the
front side of the slide pots.

The interconnections between the slide pots are minimal
so this optional slide pot pc board is not absolutely neces-
sary. Any type of linear slide pot of a value between 10k and
50k can be used. The only requirement is that all of the ends
of the slide pots must be connected together and connected
to the points on the main pc board provided for this purpose
and ten connections must be made from the wipers of these
slide pots to the ten points provided for this purpose on the
main pc board. In the prototype module we elected to use the
slide pot pc board and to bolt the main printed circuit board
to the rear of the slide pot board using four spacers. The main
pc board and the slide pot have been made the same size so
that this is possible.

Construction of the main pc board is not difficult. The
usual precautions should, of course, be observed. Start by
mounting the resistors since several of these are located bet-
ween large capacitors and access to their positions will
become difficult once several of the capacitors have been sol-
dered in place.

Once all resistors have been soldered into their positions,
the non-polarized capacitors can be tackled next. Be careful
not to confuse the 10 uF bi-polar electrolytic capacitors C1
and C4, or the 22 uF bi-polar capacitor C2, with the polarized
100 uF electrolytics required for the power supply filtering.

Next, solder the polarized electrolytics in place being care-
ful to ensure that they are inserted into their correct positions
on the pc board and with the right orientation. Finally, the
three integrated circuits can be soldered into their positions
on the pc board. All three are mounted in the same direction
as shown on the component overlay.

. Make the connections between the slide pot printed circuit
board and the main printed circuit, being careful not to con-
fuse points A and B with each other. If these are confused the
wipers will work up side down with maximum attenuation
occurring with the slide pot set to the top position and visa
versa. No damage will result, however, and this problem is
easily reversed.

Powering up

Once the construction is complete, check all the wiring and
the location of the components. Check the orientation of
polarized components, in particular the orientation of the
ICs. Correct any mistakes you find at this stage. If, or when,
all is well, the unit can be connected to a plus and minus 15
Vdc supply which should be well regulated. We have pro-
vided only a pair of 100 uF electrolytic capacitors on the
octave equalizer pc board since it is assumed that the unit
will be incorporated within equipment from which a well
regulated dc supply will be able to be obtained. If this is not
the case, a supply can be fabricated using a pair of standard
15 V regulators (type 7815 or LM340-T15) and a small trans-
former. You could use our AEM9501 Dual Rail Supply Mod-
ule, published in the August 1986 issue.

The input and output connections to the octave equalizer
pc board should be made using shielded cable. The output of
IC3B is buffered with a 100 ohm resistor to isolate its negative
feedback loop from the load impedance so the module
should be able to drive a large number of devices without dif-
ficulty. The input impedance of the octave equalizer module
is around 10k which should represent a minimal load to most
sources. A
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New Kenwood
receiver
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I< enwood Electronics Australia will launch this month a
new “Wideband Receiver” which provides continuous
coverage from 500 kHz to 905 MHz and 100 multi-function

memory channels.

The new receiver is a triple
conversion type providing AM
plus narrowband and wideband
FM reception. It features both
keyboard and dial frequency
selection, auto-mode and auto-
step operations and 10-band
programmability.

The large LCD display pro-
vides both frequency, opera-
tional status and “message” dis-
plays —thelatterapparently ena-
bles you to write a special mes-
sage or notetoappear on thedis-
play.

The unit has a built-in
speaker and is powered from
13.8 Vdc, drawing less than one

amp. Up-down keys are pro-
vided for stepping through
channels with the VFO or
through memory channels.
Accessory output terminals
include external speaker, audio
line out and a video output,
which suggests TV reception
possibilities. It's not known at
this stage whether or not the lat-
teris built-in oran option.
Kenwood's new Wideband
Receiver is expected to retail for
a little under $1100. See your
nearest Kenwood dealer, or con-
tact Kenwood Electronics
Australia, PO Box 348, Lane
Cove 2066 NSW. (02)428 1455.

Radical new rules for Ross Hull VHF

contest

In an effort to arrest the flag-
ging interest in what should
be Australia’s prestige VHF/UHF
amateur radio contest, the Ross
Hull, some new rules have been
introduced for the 1987 event.

Probably the major change in
this year's contest is the intro-
duction of the Maidenhead
locator system. The Maiden-
head system is widely used in
overseas contests, but never
seems to have taken off in
Australia.

Many amateurradio texts pro-
vide details of how to work out
your locator square and the
Wireless Institute of Australia
should be able to help with
details if you are stuck.

The other major change in the
rules this year is the fact that
contacts through orbiting satel-
lites are acceptable, provided
the uplink frequency is in the
permitted contest band. This
rule change will open up some
interesting possibilities, espe-
cially when propagation isn't
too good.

There has been a lot of criti-
cism made of the Ross Hull con-
test rules in the past and these
latest changes are bound to
cause some controversy in some
quarters. You can't please every-

lcom’s newest all-
mode HFrig

he newly released Icom IC-

761 HF amateur band trans-
ceiver is designed for the
operator who wants more than
just aradio, infact, it's more like
a complete shack in one pac-
kage!

The IC-761 is a true all-mode
transceiver, incorporating SSB,
CW, RTTY, AM and FM modes.
Standard features include a
built-in antenna tuner, elec-
tronic CW keyer, general cover-
age receiver and 100% duty
cycle power supply.

The rig incorporates full com-
puter control capability as well
as provision for connecting an
external manual or automatic
linear  amplifier.  external
automatic antenna tuner, RTTY
or AFSK terminal unit or SSTV
unit. 12 Vdc power is available
from a rear panel jack to power
youraccessories.

Inside the IC-761 can be seen
the results of Icom sponsorship
of many amateur radio DXpedi-
tions and the feedback received
from operators who have used
Icom equipment in some of the
harshest locations on earth, we
are told.

68 — Australian Electronics Monthly — Dec. 1987

Major advances in circuit
design have produced increased
dynamic range for better recep-
tion and a higher quality final
amplifier for maximum reliabil-
ity and purity of signal output,
say Ilcom.

Icom involvement in Arctic
and Antarctic expeditions has
led to the development, for the
IC-761, of a high stability crystal
unit incorporating a built-in
temperature compensating
oven providing frequency stabil-
ity of better than 100 Hz over a
range from —-10 to +60 degrees
Celsius, Icom claim.

For the DXer or contester. the
IC-761 includesa low distortion
speech compressor with full
metering, long and short dura-

- tion variable pulse level noise

blanking, front panel control of
VOX operation, receive and
transmit incremental tuning
and an ultra-deep (30 dB) notch
filter to eliminate annoying car-
riers.

True IF monitoring, 20 dB
preamplification with minimal
signal quality degradation.

body as the beleaguered contest
manager will no doubt tell you,
but the locator system should
find some support.

Many amateurs are still of the
opinion that the major failing of
the contest is its length. The
upcoming event will run from
December 19th 1987 to January
10th 1988 and many feel that
unless they can operate for the
whole period, there is little
point in submittingalog. Thisis
particularly true when consid-
ering that the contest is held
over the Christmas and New
Year period, when family com-
mitments take a high priority.

A recent VHF contest was
held in NSW and was based on
the "sprint” concept, running
for just two hours. The organis-
ers of the contest wereamazed at
the level of participation and
other events along the same
lines are planned in the near
future.

Perhaps it is provoking con-
troversy, but it is strongly sus-
pected that if the Ross Hull con-
test was run over say one
weekend around Christmas, we
might see asimilarly level of par-
ticipation.

Full rules for the 1987 Ross
Hull Memorial Contest are pub-
lished in the November 1987
issue of the Wireless Institute’s’s
journal, Amateur Radio. For
non-members of the Institute
who don't get the journal, writ-
ingto yourlocal WIA divisionor
listening to divisional broad-
casts should get you the
required information.

switchable AGC, passband tun-
ing, IF shift and switchable fil-
teringarealso included.

To store all the stations you
find using the many scanning
mode variations available, the
IC-761 is provided with 32 full
function memories storing fre-
quency. mode and split.

Memory 1 and 2 set the limits
for programmed scanning bet-
ween upper and lower limits,
whilst MODE-S provides mode
selective scanning. Memory
contents are selected by a rotary
switch and displayed at the
touch of a button. All memories
are backed up by a lithium cell
withaten year lifetime.

For further information or a
demonstration of the IC-761,
contact your nearest authorised
Icom dealer.




Handheld HF SSB
transceiver

Possibly the smallest com-
mercially available HF trans-
ceiver available in the world,
Codan’s tvpe 8332 was designed
and is manufactured by Codan
(NZ) Ltd. The unit was initially
designed to meet the require-
ments of the New Zealand
Mountain Rescue Service, who
had found that VHF and UHF
transceivers gave inadequate
coverage inthe mountains.

Weighing only 510 grams
including batteries, the trans-
ceiver is ideal for those working
on foot in such applications as
search and rescue, bushwalk-
ing, exploration and survey.

Transmitter power is one watt
PEP and two channels may be
fitted withintherange of 1.6 to 6
MHz. The 8332 operates from
eight AA size batteries fitted
internally and may be fitted
with an optional socket enabl-
ing operation from a 12 Vdc
external source.

As originally conceived, the
transceiver wastobeused witha
simpledipoleantenna cuttothe
appropriate length for the fre-
quency in use. However, an
optional collapsible 2.5 metre
whip antenna is now also avail-
able for those operations requir-
ingsucha facility.

The whip, which stows in a
carry bagonly 500 mm long, was
designed and manufactured by
Tasmanian antenna specialists,
Moonraker Australia Pty Ltd.

Using the dipole antenna,
reliable operating ranges of up
to 200 km are achieved assum-
ing use of the correct frequency
for the propagation path. With
the whip antenna, the range is
naturally somewhat reduced.

The Transceiver is approved
by the Department of Transport
and Communications to specifi-
cation RB.210 and is available
ex-stock from Codan. Forfurther
details, contact any Codan
dealer,orCodan Pty Ltd, PO Box
227, Chatswood 2057 NSW.
(02)419 2397.

The “Gosford Field
Day”on
again soon

o give it it'’s correct title, the

1988 Central Coast Amateur
Radio Club field day will be
held at the Gosford Showground
on Sunday, 21st February 1988.
"Gosford” must almost cer-
tainly rank as the "prestige”
amateur radio event of the year,
with it’s wide range of activities
and attractions and the 1988
event is set to be no exception.

Attractions at the 1988 field
day include: Homebrew con-
test; homebrew antenna evalua-
tion (70 cm); childrens events;
lucky door prizes; the ever-
popular disposals; QSL Bureau;
trade displays; amateur televi-
sion displays; packet radio dis-
plays. For those not “hanging
around", there are complimen-
tary tickets for a local bus tour
and the nearby reptile park.

The gates will open at 8:00
am, wetordry asall displays are
under cover. Registration is
$4.00 for gents, $2.00 for ladies
and $1.00 for children. A 50%
concession is available for pen-
sioners on production of a pen-
sion card and a special group
concession is availableonappli-
cation.

Companies. persons, groups
or clubs wanting further infor-
mation or wishing to set up a
table or display should contact
the Central Coast Amateur
Radio Club at PO Box 238, Gos-
ford 2250, NSW before January
1st 1988. Disposal forms and lot
numbers can be obtained in
advance from Reg Brook,
VK2AI at PO Box 148, Gosford

2250 NSW.

For information about
multiple sclerosis
please contact the MS Society.

New Release
FOUR SPEED SUPER MODEM!

The MAXWELL-5

2400/2400 1200/1200
1200/75 751200 300/300
CCITT and BELL standards.

Fantastic value!

JUST $790!

LOOK AT THESE FEATURES:

e AT Command Set ® Auto-dial/Auto-answer @ Auto
Speed Select ® Auto Test ® Tone or Pulse Dialling @ Ten
16-digit Memories, Battery-backed ® Test Facilities @ 10 LED
Status Indicators @ Inbuilt Speaker.

Don’t Delay, Call Max Today!

r 1| BANKCARD-VISA-
ADE
®

inc. fax

MASTERCARD WELCOME

24 Burwood Highway (Rd)
BURWOOD 3125 Vic.

Ph: (03)288 2144, 288 9067
FAX: (03)288 0781

COMPUTERS

RECEIVE WEATHER FAX,
RADIOTELETYPE AND MORSE
CODE TRANSMISSIONS
USING YOUR COMPUTER

Build the Australian Electronics Monthly "Listening Post” (AEM3500). a
simple add-on decoder project — it goes between the audio output of a HF
{shortwave) communications recever and the | O of your Commodore 64
or Microbee computer. software then decodes the transmissions for you
Print weather maps. foreign news service broadcasts. amateur and com-
mercial radioteletype or Morse transmissions. * Fascinating' Useful. too

SOFTWARE ONLY: $25.00

includes all instructions on the decoder & s ware

LISTENING POST “PACKAGE”: $35.00

you get software quality fibreglass pc board with component overlay and full
now-to-build instructions plus software operating details {Components are widely
sourced by electronics retailers)

*C64 software does not provide Morse decoding
Send coupon to: AEM Software Service, PO Box 507
WAHROONGA 2076 NSW.

Send us a blank C 10 cassette or a formatted disk for us to transfer the
software onto

SEND ME THE My computer & printer are:
LISTENING POST: ] Microbee/C Itoh 8510-type
SOFTWARE ONLY Microbee/“Epson” FX80-type |
FULL PACKAGE ] C64 or C128/(most printers)
lampayingby Cheque MoneyOrder Bcard Mcard Visa
iMake out cheques or money orders 10 Aust Elecironics Monthly
Card No Expiry
Signed
Name
Address
P code

Or phone and pledge your plastic: (02)487 1207.




KENWOOD

RZ-1 wipeBaND RECEIVER

Features: Widetand Frequency Coverage (500KHz — 905MHz)
including FM Stereo Broadcast and Multi-Channel Television
Sound 100 £asy-To-Operate Multi-Function Memory Channels
with Message Capabiirty 10-Band Programmable Capability
Keyboard Frequency Selection Auto-Mode and Auto-Step
Operations Multi-Scan Function Easy-To-Read Large LCD
Display Compactand Lightweight Auto-Selectable Dual
Antenna Terminals Built-in speaker Front-mounting phones
jack Easy-to-operate. illuminated keys Accessory terminals are
Line Out/Video Out/External Speaker Terminal Squelch circut
for FM (narrow) mode UP/DOWN Keys for VFO and memory
channel

» 4T

M\

Specifications Frequency Range 500KHz — 905MHz Mode
A3[A3E]| (AM) F3[F3E] (FM) Circuitry AM. FM(N) - Triple
conversion system FM{W) - Double conversion system
Sensitivity AM (SN N = 10dB) = Less than 5 uV (BC band
10uV) FM (N) 12dB SINAD less than 6uV (500KHz — 60MHZz)
less than 3uV (60 — 905MHz) Operating Temperature -10 -
‘60 C Audio Output Power 2W (at 8 ohms load 10% distortion)
Current Drain Less than 1A (audio power output 1TW) Antenna
Impedance 50 - 300 ohms Power Requirement 13.8VDC - 15%
Dimensions 180(W) x 50(H} x 158(D) mm Weight 1 5kg

~

COVERS

500 KHz — 905 MHz

RANGE

=N

o T T

MODE -

KENWOODS' GREAT
IN '88

$1049 )

R-5000 coMMUNICATIONS RECEIVER

The R-5001s a competition class communications
receiver with superior dynamic range, having every
conceivable feature. and s designed to receive all modes
(SSB, CW, AM, FM, FSK) from 100 kHz to 30 MHz With
the optional VC-20 "VHF Converter Unit” coverage of the
108--174 MHz frequency range is provided

et

9p %

Advanced microprocessor technology controls various
features. including dual digital VFOs. 100 memory
channels. memory scroll. memory and programmable
band scan. superb interference reduction and other
features for ease of operation to enhance the excitement
of istening to stations around the world




TS-140S

HF TRANSCEIVER

The TS-140S is a high-performance HF
transceiver designed for SSB, CW, AM and
FM modes of operation on all Amateur
bands. It incorporates an outstanding 500
kHz to 30 MHz general coverage receiver
with superior dynamic range, combining
the ultimate in compact size with advanced
technology.

KENWOODS’ GREAT
IN’88

20 4w
Lot @

0 W W W

{AM/FM

ATT .FAST/SLOWa VOX .

All-Mode operation (includes USB. LSB. CW. AM and
FM)

Compact and ightweight. Measures only 270 Wx96
Hx270mm and weighs only 6 1kg (13 45Ibs) CW Full
Break-in. Sem: Break-In and VOX Circuit Superior
receiver dynamic range The receive front end has been
specifically designed to provide superior dynamic range
The intermodulation dynamic range 1s 102dB. with an
overall intercept point of - 12dBm. noise floor level of
138 dBm (when the optional 500 Hz CW fiter YK-455C-1
installed) 31 Memory channels with split memory
channels and memory scroll Built-in dual-mode noise
blanker ("Pulse” or “Woodpecker ') IF shift circunt
Adjustable VFO tuning torque Switchable AGC circuit
(FAST SLOW) and built in speech processor RF output
power control and "F LOCK switch Non-volatife
operating system Fluorescent tube digital display and
squelch circuit (for FM mode) RF power output

SSB 110wW.CW 100wW. FM 50W and AM 40W

\)%
%

1S-680

HF TRANSCEIVER

Includes all the above features
for the TS-140S

PLUS

Covers Amateur bands

160 meters to 6 meters

both Transmitting and Receiving.

160 meters to 6 meters. 100 Watts output.
6 meters. 10 Watts output.

e Y 2 2
KENWOODS' GREA?‘\
IN'88

KENWOOD ELECTRONICS AUSTRALIA PTY.LTD.

4E WOODCOCK PLACE LANE COVE, SYDNEY, N.S.W. 2066. Ph. (02) 428 1455.

Funher pew.ate o feaits not gt s v

who Qre selling kenw ool ¢y 3 or -:.t""'
All Kenw a0 Products affered by, “hees are n *
Supplied by Kenwood f1ecmon (s s m

and hove No quaraniee 3P

NSW..  EMIRONICS — 94 WENTWORTH AVENUE. SYDNEY (02) 211 0988

INTERSTATE

PAPANMETERS PTY {TD — 1064 CENTRE ROAD SOUTH OAKLBGH (03) 575 0222
EMTRONICS — SHOP 510 7 288 234 QUEEN STREET MELBOURNE (03) 670 0330
BRIAN STARES — 11 MALMSBURY STREET BALLARAT (053 ) 39 2808

SUMNER ELECTRONICS — 78 KING STREET BENDIGO (054) 431977

WATSONS WIRELESS — 72 BRISBANE STREET HOBART (002) 34 4303

MARINE & COMMUNICATION — 19 CHARLES STREET LAUNCESTON (003) 31 2711

REG STOCKMAN COMMUNICATIONS — CNR BANOCKBURN ROAD & SHIRLEY STREET INVERELL (067) 22 1303 VK ELECTRONICS — 214 MOUNT STREET BURNIE (004) 31 7733

WORMALD COMMUNICATIONS — 51 DENNISON STREET HAMILTON NEWCASTLE (049) 69 1999 QD MITCHELL RADIO CO - 59 ALBION ROAD ALBION (07) 357 6830

MACELEC PTY (TD — 99 KENNY STREET WOLLONGONG (042) 29 1455 EMTRONICS — 416 LOGAN ROAD STONES CORNER, BRISBANE (07) 394 2555

ALEX JOHNSON — 19 BANKSIA STREET OCONNOR ACT (062)47 9125 SA&NT INTERNATIONAL COMMUNICATIONS SYSTEMS PTY LTD — 8 NILE STREET PORT ADELAIDE (08) 47 3688
DX ENGINEERING — 158 GRANITE STREET PORT MACQUARIE (065) 84 9922 WA WILLUS ELECTRONICS — 165 ALBANY HIGHWAY VICTORIA PARK (09) 470 1118

FRANK BOUNDY — USMORE (066) 86 2145 BAY RADIQ — 22 GRACE STREET FERNDALE (09) 451 3561

FORD ELECTRONICS — UNIT 19 70 ROBERTS STREET OSBORNE PARK (09) 242 1766




The VK2AWI packet radio

bulletin board

Andrew Keir VK2AAK

Packet radio is growing rapidly in popularity all over the world where licensing
administrations permit packet radio operation for amateurs. The development
of packet radio parallels somewhat that of dial-up data communications
using the switched telephone network, where dial-up “obulletin boards” provide
the “glue” that binds the enthusiasts in the group. On-qir open access packet
radio bulletin boards serve a similar punpose on the amateur bands.

IT’S NOT CERTAIN whether the NSW Division of the Wire-
less Institute of Australia was the first division to introduce a
packet radio bulletin board, but it is strongly suspected that
this is the case. In view of the fact that this system is now well
established and gaining popularity, it may be a good time to
describe exactly what it is and what it does.

A little history

The VK2AWI bulletin board first went on air in March 1987
under the callsign of VK2AAK. This was a “public” system
for all amateurs and was set up by Andy VK2AAK at Seven
Hills (NSW) in an effort to clear some of the congestion
which was apparent on the primary Sydney area frequency of
147.575 MHz. Several bulletin boards were active on that fre-
quency and because of the large amount of traffic being hand-
led, many users experienced frustration when trying to
access them. For this reason, VK2AAK was established on
147.600 MHz to serve the local packet community whilst
leaving existing systems on 147.575 to handle more of the
“trunk” traffic from interstate and overseas.

Although the equipment and software were available to
provide “gateway" facilities to HF channels, a deliberate
decision was made not to do so in keeping with the concept
of a “local” system.

The choice of frequency proved to be quite an advantage,
with many users finding that they could read messages or
download files without heavy congestion of the channel
causing the system to slow down or “retry-out”. The biggest
disadvantage in using 147.600 was that there were no dedi-
cated digipeaters to extend the range as there were on
147.575. This meant that, initially, there were some areas of
Sydney which had difficulty in accessing the system.

In early April, Andy VK2AAK went to work at Australian
Electronics Monthly. It was immediately apparent that the
location of the Magazine's office in South Wahroonga, a
northern Sydney suburb, high on a ridge not far from Pierce’s
Corner, offered an excellent VHF site with high elevation and
an almost clear take-off in all directions. The decision was
made to move the system to the magazine’s premises. Once
this was done, coverage improved markedly and popularity
started to climb.

At about this time, one of the topics being examined by the
VK2 Divisional Council of The Wireless Institute of Australia
was the establishment of a packet radio bulletin board. 1t did
not take long to realise that the simplest solution was to make
use of an existing system and Andy, who was a member of the
council, volunteered the use of VK2ZAAK. This was accepted
and in mid-May, the system became the “official” VK2 divi-
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The VK2AWI1 BBS runs on a PC XT compatible which is
primarily used as a word processor during office hours. The
TNC is a TNC2-A by GLB.

sion bulletin board. The callsign was changed to VK2AWI on
June 1st.

So, whatdoesitdo?

For those who are not familiar, a packet bulletin board is a
system along similar lines to the many telephone bulletin
boards which have become popular over the last few years. It
allows users to connect to the system and read or leave “‘mail”
or general bulletins. Files containing items of interest such as
satellite predictions or even computer programs can be
uploaded to, or downloaded from the board. -

Where a packet system differs from the telephone system
lies in the fact that access is via radio instead of telephone
lines. Any suitably licenced amateur station who has a com-
puter and packet terminal node controller (TNC) can gain
access.

To avoid tying up the channel unnecessarily, the prompts
and system messages generated by the bulletin board are
short and to the point. Packet radio bulletin boards are far
less verbose than their telephone counterparts, although sys-
tems such as VK2AWI provide extensive “help” files which
can be requested by the user.

One of the major assets of packet radio bulletin boards is
their ability to forward messages or bulletins to other similar
bulletin boards. If, for example, a Sydney amateur wanted to
send a message to an amateur in Newcastle, he could send it

to his local bulletin board addressed to the board nearest the >




Newecastle amateur and the message would be automatically

. - - e e forwarded. This system will also work on a far greater scale,
N , o N as by sending messages to bulletin boards providing HF
Dua 2 ©1 @2 @7 24 0L Ue 07 3 N Ll 1T 14 1 16 b 19 2¢ o1 o2 Totl
N ARl B S e facilities, messages can be sent all over the world!
: ! b e DO Because VK2AWI was established on 147.600 MHz, the for-
: TR R B B warding of messages to and from other systems on 147.575
- : P i3 om MHz presented a problem. This was overcome by modifying
o C 30 o 00 e the transceiver to change frequency automatically under the
il g il control of an external timer. In the wee small hours, the trans-
oo s , SRR ceiver changes to 147.575, the system sends any messages it
S N has for the other system and then automatically requests any
Co o 0o messages the other system has for VK2AWI or it's users.
R o < c When all the forwarding has taken place, the transceiver is
] switched back to it's normal operating frequency. The same
0 thing could have been accomplished by using a second TNC
0 and radio, but in view of the extra cost and complexity, it was
e decided to take the cheaper and easier alternative.
e
L] -
T A R T T - N What's it used for?

The original concept of the bulletin board was as a local mes-

Systoem Time: thHH M~

e GG ) . (AU Lo a8 sage system. Because of the ease of access and the fact that
-] Bt a-113 Y1 nline Time Messages For warded 12 .o .
Cnichio SEPRRL G0N OB [Fa0oats Wesy 8 i (i ° one of the frequent users of the system was the VK2 division's

broadcast officer, it became a “de-facto” destination for Wire-
less Institute news and broadcast items. Since becoming
VK2AWI, the system is used by many clubs and individuals
for leaving items for the weekly broadcast as well as an effi-

This printout shows the statistics for VK2AWI for the month of
September. It shows connects versus hour versus date and
clearly points out the peak times of use. The WA7MBL software
keeps a very comprehensive log of the bulletin board activity

and is very useful in analysing the system’s performance. cient medium for the distribution of information from the
Institute. Messages can be left on the system for the VK2 divi-
Local 11 1B ) sion although users are encouraged to send formal correspon-
T v Shes waeu TFF USrater A dence via the regular mail system to the Institute’s office.
L3an e 177 A V* orF0) @i-Ngv Comiog Events Many other items of general interest are carried, including
1299 BN 1476 ALL VITHFU @1-Nov Contest News . . . . .
1398 BN 357 ALL GIFU B1-Nov News fcom the Hecald satellite predictions, coming events and reprints of the
97 > NS -Nov  2@m n . . .
12w tn 1945 ALL WINEU BioNow Drvimranal News weekly broadcast. Satellite bulletins taken directly from UO-
1294 F 387 Vi ZEONGVI 6AGC Vi IYME B1-Nov  water under braidge . . .
1291 N 3e4 NEWS W IED O1-Nov PACIET ACTIVITY ON VHE 9 and UO-11 are stored on the system and interesting items
o990 3 N avr T N - ath: vilopvhdaw I
1275 pF |32 v or hAGW xv  r Shan 20-0ct Teams oot downloaded from the WIA federal division telephone bulle-
1269 JN DUIUJ 2I9-0Oct Did This Ever Happen To You™ . .
1268 BN W IFIM S9-Oct  WANTED tin board are often made available.
1767 FY v+ THON 29-Oct reply . .
1582 e V30l 27-Oct  AEM SYMPOSIUM TELEFHONE NUMBER The system also stores a good number of public domain
1759 BN IL2AMD 27-0ct Invitation . . .
1249 En UWAEBS 27-0ct  FIRSTS VE-JA 1200 baud FM contact 0 programs of interest to radio amateurs. These include such
1741 N 28 v JDUF vt TDRH Z6-0ct DG . . . . .
things as propagation forecasting, satellite tracking and
-ocal . . ']
AATMEL BES vI.T0 - 07,3207 . . antenna design. A deliberate decision was taken not to store
N:130% AT 118 » 0 . A A .
game” type programs as disk storage is limited and this type
This is a screen dump from VK2AWI showing some of the of software is easy to find on most telephone bulletin boards.
messages which have been left on the system. The various The mail system handles all sorts of diverse messages, cov-

columns provide information about the messages. The first
column is the message number. This is followed by the “type”,
e.g: “PN” means that it is a “private” or “personal” message

ering a wide range of subjects. A good example was the recent
debate on extended Novice privileges. The system was run-

(P) and the “N” means it has not been read by the intended ning hot as users sent t'heir views on the subjgct to each other.
recipient. A “BN” in this column indicates a bulletin. The next Although the system is run under the auspices of the WIA,
column shows the size of the message, followed by the “TO” there is no discrimination as to who can use the system and
column and the “@BBS” column which would contain the what subjects can be discussed. VK2AWI packet BBS is a
callsign of a BBS to forward this message to. The final column resource open to all suitably licenced amateurs and should
contains a short description or title for the message. be regarded in much the same light as a WIA-sponsored
repeater. Use and enjoy!
St 1a : red s o2 The hardware and software
RO oo : B The computer which runs the system is a PC XT compatible
L oCh. el ‘ S CRA RIS EE with 640K RAM and a single 20 megabyte hard disk. The
g o L ! L . software currently in use is the WA7MBL version 3.20 code
SRS . o B o which provides extensive forwarding and message handling
FERe 00 (08 it teon &Y AT e ‘ facilities as well as supporting multiple TNCs and radios.
ECHILTT o) SChG e00l0Ca i o : s v The system runs under true multi-tasking software so that
AR betew tren the computeris not tied up at all times just running the bulle-
L e e s tin board. As an example, this article is being written using a
A " word processing program whilst the bulletin board is run-
Here is an example of some of the “files” stored on VK2AWI. ning simultaneously in the background!
These are items that are of general interest but may betqolong The primary TNC is a GLB TNC2-A although an AEA PK-
to leave as messages or bulletins. Also stored here are items 232 is available as a standby. The transceiver is a much mod-

such as recent satellite bulletins or RTTY broadcasts. There is
a separate “directory” on the system which contains a
selection of public domain programs of interest to the radio
amateur.

ified commercial unit which runs approximately 25 watts to
an omnidirectional vertical colinear of about 3 dB gain. As
the station operates unattended for the majority of the time,

- to page 92. >

Dec. 1987 — Australian Electronics Monthly — 73



aem project 3015

A broadband balun for HF
anfennas Andy Kolr VK2AAK

Centre fed antennas, such as the common-or-garden dipole, have a
balanced feedpoint, and for a wealth of good reasons coaxial cable is the
preferred antenna feedline - but coax is an unbalanced line. Just hooking
coax to a balanced feedpoint antenna will work, but af best it’s not “ideal”,
and at worst, you're asking for problems. A balanced-to-unbalanced
transformer, or “balun”, is the answer.

CENTRE FED antennas, such as the trap dipole design pub-
lished in our November '87 issue, are essentially a balanced
radiator. If you feed a balanced antenna with a balanced line
such as parallel open wire or "“ribbon” cable, the balance of
the system is maintained and all will be well. These days
however, most radio amateurs — and “professional” com-
municators — favour the use of coaxial cable to feed their
antennas and whilst this is quick and convenient, coax is an
unbalanced feeder and should not be connected directly to a
balanced radiator.

In a balanced line such as open wire feeder, fields which
are produced by one of the conductors are cancelled by those
of the other conductor. This is not the case when coaxial
feeder is used as one side of the antenna is connected to the
shield of the cable and the other side to the inner conductor.
Fields set up in the shield cannot be cancelled by those pro-
duced by the inner conductor as they cannot escape through

the shield from the inside of the cable. As a result, RF cur- Itis wise to wrap the toroid with insulating tape or rubber
tape before winding the wire. This prevents abrasion of the

wire's insulation by rough edges on the toroid and also
increases the breakdown voltage of the completed balun.

rents can flow on the outside of the cable and can be responsi-
ble for radiation from the line.

Radiation from the transmission line is clearly an undesir-
able situation. Apart from distorting the radiation pattern of
the antenna, there is a good possibility of RF entering your
shack down the outside of the coax line and that can play
havoc with all sorts of things, especially as most modern
transmitters have the shield side of the antenna connected to
the chassis.

To overcome this problem, a device is required which will
match the balanced antenna to the unbalanced feeder by
decoupling the RF currents from the line. Such a device is
called a “balun” transformer, the word balun being simply a
contraction of “balanced-to-unbalanced".

Many readers will be familiar with the commonly available
“TV baluns” which are used to transform the balanced 300
ohm feedpoint of many types of TV antennas, particularly
the older types — to the 75 ohm unbalanced coaxial feed used
on most modern TV sets. These devices consist of a simple
broadband transformer, wound on a ferrite or powdered iron
“core”. We can use the same approach to build a transformer
to match the unbalanced 50 or 75 ohm output impedance of a
transmitter to the balanced 70 ohms or so or a dipole
antenna. In the case of the TV balun, an impedance transfor-

This is how the balun should look with the windings in place.

mation from 300 ohms to 75 ohms is required, meaning a Note how the turns are spaced equally around the
transformer ratio of 4:1. In the case of the dipole mounted at a circumference of the toroid. At least 10 turns are required,
reasonable height above ground. the impedance of the trans- but you should be able to manage 12 on the larger T200-2
mission line is close to that of the antenna’s feedpoint, so a toroid.

transformer with a 1:1 ratio can be used.
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UNBALANCED

Circuit of the balun. All windings are the same, being
wound together, providing balanced-to-unbalanced
conversion without changing the impedance. The
“dashed” letters depict the “end” of each winding.

AEM3015 PARTS LIST

For 1 kW version:

One Amidon toroid type T200-2;
three metres enamelied copper
o wire 2 mm dia.; plastic box to

o suit.

For 150 watt version:
One Amidon toroid type T68-2;
three metres enameiled copper

BALANCED

© .
wire 1 mm dia.; plastic box to

suit.

BALANCED

Construction is quite simple. A toroid core is used
for reasons discussed in the text. The wire is “trifilar”
wound, the three wires being laid side by side as

they're wound on.

LEVEL
We expect that hobbyists who are

BEGINNERS

in electronics construction should be able to
successfully compiete this project.

The windings of the transformer actually form sections of
two transmission line, closely coupled by being laid side by
side, the core serving to electrically “lengthen” the line. One
winding is common to the other two, forming a common
“side” of the two transmission line sections. This is con-
nected so as to provide a phase reversal of the common cur-
rents, thus providing the balanced-to-unbalanced conver-
sion.

Because we are going to be coupling appreciable power
through the transformer, it will need to be constructed of
much heavier materials than the TV balun. Also, if the balun
is going to be useful over the whole HF band, the core mate-
rial will need to be made of a suitable low-loss, high fre-
quency material. We will use a toroidal former made from
powdered iron and enamelled copper wire of a suitably
heavy gauge for the windings.

Toroidal formers are available in a wide variety of materials
and sizes, but referring to manufacturer’s data, it was found
that the Q2 type best suited our requirements. Two suitable
toroids were chosen from the Amidon range of products
which are available through several suppliers. Samples for
our project were supplied by Stewart Electronics in Mel-
bourne who import and stock the complete range of Amidon
products. The T200-2 toroid measures approximately 50 mm
outside diameter and is capable of handling 1 kW continu-
ous power. The T68-2 toroid, also from Amidon, is made from
the same powdered iron material but is only 22 mm outside
diameter and can be used to make a balun capable of handl-
ing powers up to around 150 watts. Both these toroids can be
identified by their dark red and grey colour coding.

Construction

Referring to the circuit diagram, you will see that the trans-
former's three windings are labelled a, b and c. Construction
of the transformer consists of winding at least ten turns of the
three wires side by side around the toroid, known as a “trifi-
lar” winding. Although this sounds simple, there are a
number of ways to go about it which will make the job much
easier.

For both versions:

One $0-239 panel socket, two
plastic tie-wraps; Perspex
offcut approx 200 mm x 50 mm
x 8 mm; nuts, bolts and
hardware to suit.

Estimated cost:

This will depend to some extent
on the method used to house
the balun. Our prototype 1 kW
version cost just under $18.00
using off-the-shelf components.
Using the same construction
methods, you should be able to
complete the 150 watt version
for about $11.00.

The Amidon toroids are
obtainable by mail order from
Stewart Electronic Components
Pty Ltd, PO Box 281, Oakleigh
3166, Vic. Telephone (03)543
3733. Costis $11.20 inc. tax
and postage for the T200-2 and
$3.90 for the T68-2. We
understand that Geoff Wood
Electronics of Sydney also
carry the T200-2.

s

Q UNBALANCED

See our
'PROJECT
BUYERS
GUIDE' this

issue for a
G ERG)
component
sources and
kit suppliers.

The 1 kW version will require windings made from
enamelled copper wire of about 2 mm diameter. This stuff is
very awkward to handle as it is so stiff and considerable effort
will be required to get the windings reasonably tight. You
will probably need to use two pairs of pliers to grip the wire
whilst winding it on the toroid and unless care is taken, this
can cause breakage of the toroid or damage to the copper
wire's insulation where it contacts the toroid. If you do use
pliers, make sure you only grip the windings at the ends as
the insulation will be damaged by the plier’s jaws.

To avoid damage to the insulation of the copper wire, it is
recommended that a layer of insulating tape is wrapped
around the toroid before commencing the windings. This
will not affect the operation of the transformer, but will pre-
vent the insulation being scraped off the wire by any rough
edges on the toroid and also serves to increase the breakdown
voltage of the balun.

When you have prepared the former, cut three lengths of
wire, each about one metre long. Twist or tape the ends of the
three wires together to stop them separating whilst winding
and feed all three through the hole in the toroid so that equal
lengths protrude each side. It is much easier to start from the
centre of the winding and work in both directions than it is to
start at one end. Reference to the photographs will give you
the general idea of how the wound transformer should look.
The windings should be spaced as shown and you should
have at least ten turns around the toroid. In our prototype of
the 1 kW version, we managed to get twelve turns. Take care
not to twist the wires so that the turns cross over each other as
this restricts the space you have for winding.

The lower power version is constructed in exactly the same

manner, except that enamelled copper wire of about 1 mm
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This picture shows the completed balun with the lid removed.

Heavy nuts, bolts and washers are used to terminate the

balun windings where they attach to the dipole ends. You
should dritl the holes in the case after trial fitting the wound
balun and use silicone sealant to block the holes after
everything is in place. Don't forget to drill a small drain hole
in the bottom of the case to prevent moisture from collecting
inside.
diameter is used. We found that 10 or 11 turns would fit on
the T68-2 toroid

Once you have wound the transformer, you will need to get
your multimeter out and determine the start and ending of
each winding by using the resistance ranges. Use adhesive
tape to label the windings a, b, and c as in our diagram and
then put it aside until ready to connect it.

The next step is to provide a suitable enclosure for the
balun. There are a number of ways to do this, but we chose to
use a plastic “zippy” box of suitable dimensions. A standard
size box measuring 130 mm x 68 mm x 43 mm was found to
be ideal for the 1 kW balun. A smaller box could be used to
house the 150 W version. Whatever method you choose, you
should provide some sort of strain relief for the dipole ends
and the coax feed line. The method we chose for our pro-
totype was a fairly thick piece of perspex, bolted to the back
of the zippy box. Holes can be drilled in the perspex and
bolts inserted which are used for anchor points for the balun
windings and the dipole ends. Reference to the photographs
will show you the sort of thing required.

A panel mount SO239 socket was used to terminate the
coax feedline. You should not let the coax simply dangle
from the socket on the balun as there is a good possibility that
the cable will pull free from the plug. We used a couple of
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plastic tie-wraps secured through holes drilled in the bottom
of the zippy box to provide strain relief for the coax cable.
Once again, reference to the photographs will show you how
things can be arranged. As the exact hardware required will
depend on individual preference and circumstances, I have
not given exact details in the parts list.

Connection

When you have prepared the enclosure, you can trial fit the
transformer inside and ascertain how long the wire tails need
to be. When the wire tails have been trimmed to size, (allow a
little excess for errors) you can prepare the ends by scraping
off the insulation with a sharp blade. Tin the ends of each
wire with solder, taking care not to get the windings mixed
up.

Start by connecting the START of winding “c” to the END
of winding “b". This connection will become one side of the
balanced output of the balun and will be connected to one of
the dipole ends. Now connect the START of winding “b” to
the END of winding “a”. This connection will be the ground
side of the unbalanced input of the balun and should be con-
nected to the ground lug of the SO-239 socket. You should
now be left with the START of winding “a” and the END of
winding “c”. The START of winding “a” is the other side of
the balanced output and will be connected to the other
dipole end. The END of winding “c” will be the other side of
the unbalanced input and should be connected to the centre
conductor of the SO239 socket. The connections should be
kept as short as possible, so try to install the toroid in the
enclosure to facilitate this.

All holes should be sealed with silicone sealant, as well as
around the lip of the lid and the four screw holes, but DON'T
seal the drain hole in the bottom. The accompanying photo-
graphs and captions detail how to finish off the project.

At the dipole’s feedpoint, each wire may be terminated by
twisting an “eye” in them and securing these between a flat
washer and a star washer beneath an extra nut on the balun’s
termination bolts. Alternatively, large automotive-style
crimp-type eye lugs may be attached to the wires, the crimp
providing mechanical strength, but the wire should be
cleaned, tinned and soldered to the lug to provide a good
electrical connection.

Your balun is ready to be hauled into place. With the
antenna up, a quick check with a VSWR meter will be all
that's necessary before putting your new antenna/balun into
active service. &

Another view of the completed balun, this time showing the
method used to provide strain relief for the coax connection.
It would be wise to wrap some self amalgamating rubber tape
around the coax plug and socket after fitting to stop the
ingress of water into the cable.




AT A LOSS TO KNOW WHAT TO
GIVE THAT SPECIAL RELATIVE
OR FRIEND FOR CHRISTMAS?

What better gift than one years membership to the
Wireless Institute of Australia.

Your gift will be remembered throughout the year when
they receive the monthly magazine Amateur Radio which
is full of information to all interested in the hobby.

As well as joining the world’s first amateur radio society,
the recipient will receive numerous other benefits, such
as:

Technical Books at discounted prices
Information on Reciprocal Licensing
Use of the Video Tape Library

Free Hamads.

FOR FURTHER INFORMATION BY
RETURN MAIL, PLEASE WRITE TO:
SECRETARY

WIRELESS INSTITUTE OF

Bankcard Visa Mastercard \ / AUSTRALIA
&/ PO BOX 300
FACILITIES ARE AVAILABLE FOR YOUR 1 . CAULFIELD SOUTH, VIC. 3132

CONVENIENCE
87.29485C.BKP

Regd Addr- 3/105 Hawthorn Road. Caultield



BYTEWIDE

Aviek releases
new modem
range

e
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Avtek, one of Australia’s longest established modem man-
ufacturers, has just launched a new range of “smart”

modem products.

Totally designed and built in
Australia, the new Mega-
modems are compact, fully
Hayes compatible and available
in either V.21/V.22 or V.21/V.22/
V.23 configurations. An internal
“in-modem” is also available as
a half card unit, suitable for IBM
PCs and compatibles.

The Megamodems are up-
ward compatible and carry a 12
month extended warranty and
access to Avtek’s technical sup-
port line.

A recent equity injection by
an offshore investor hasallowed
Avtek to significantly increase
its R&D and to expand its opera-
tions to take advantage of the
growing communications mar-
ket.

Mr. Phil Gleeson, Managing
Director, was quoted as saying
“‘we are now ina position to offer
locally designed and manufac-
tured products with on-going
R&D commitments and with
direct end user support at a
price not only competitive with
local modems, but lower than
“cheap’ imports™.

Priced at just $375.00 and
$449.00 respectively (including
tax), the new Avtek range looks
set to put the cat amongst the
pigeons! For further informa-
tion, contact: Avtek Electronics
Pty Ltd, 21 Bibby Street, Chis-
wick 2046 NSW. (02)712 3733.

Super capacity
micro floppy

DK, well known as a

supplier of audio and video
tape, has recently released an
enlarged storage capacity 3.5
inch double-sided, high density
micro floppy disk providing up
to two megabytes of storage
capacity.

Depending on the operating
system in use, TDK claim the
disk, designated MF-2HD, can
provide either 1.6M or 2M.

The secret to the increased
storage capacity is attributed
partly to TDK's ultra thin coat-
ing technology which involves
controlling their high density
Avilyn magnetic formulation to
within 0.05 microns surface
thickness.

The MF-2HD isthefirstdisk to
utilize an Electron Beam Cured
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Binder technique which was
originated by TDK. This
technique involves the high
density coating of the disk to be
penetrated by an electron beam
causing excitation and ioniza-
tion of the binder molecules.

This process results in an
extremely hard structure and is
claimed to assurereliability and
data safety even after 20 million
passes!

TDK claim that every single
track of every disk is tested and
certified 100% error free before
leaving the TDK factory. The
MF-2HD has a recommended
retail price of $13.50 each and
compliments TDK’s range of
existing 3.5 and 5.25 inch flop-
pies.

Hypertec’s
speediest
PC speedup card

ypertec Pty Ltd claim to

have developed an
accelerator board thatboosts the
speed of a standard PC by up to
1000 per cent — double that of
IBM’s fastest AT.

Called Hyvperformance, the
board is the second in a group of
speed-up boards designed by
the Sydney-based Hypertec.

The first of these was
Hyperace 286 Plus and it’s
younger brother, Hyperace 286
which were released late last
year.

They effectively replace the
host computer’s 4.77 MHz 8088
processor with their own 80286
processor running at 10 MHz
and 6 MHz respectively.

Hyperformance goes a step
further by once again replacing
the host 8088 processor with an
80286, this time running at
either 12.5 MHz or 16 MHz (av-
ailable from November).

Operating at 12.5 MHz.
Hyperformance lifts speed by
up to 700 per cent — around 50
per cent faster than the fastest
IBM AT, according to Hypertec.
With the 16 MHz version, speed
is increased by up to 100 per
cent, they say — double that of
the fastest IBM AT.

One megabyte of 16-bit RAM

on the Hyperformance board
ensures speed is unrestricted by
the slow, byte-wide memory of
the standard PC. All existing
memory, including that con-
tained in any EMS board, is
instantly available for RAM
disks, spooling or expanded
memory.

Hypertec says the board is
designed for computer profes-
sionals who require maximum
performance from their PC, XT
or compatible. These include
CAD and desktop publishing
users. software developers and
those who utilise large spread-
sheets.

One of the major features of
Hyperformance it it's unique
automatic slow-down facility.
The board actually detects
whether a slow peripheral or
speed sensitive application
such as a communications or
networking program is struggi-
ing at the higher speed and
adjusts its speed to accommo-
date the device or software.

In addition, the Hyperfor-
mance board allows the
operator to slow the machine
down tonormal PCor XT speed,
without having to flick switches
or re-boot the machine.

The recommended retail
price for Hyperformance is
$2400.00, including  tax.
Further information can be
obtained from Hypertec Pty Ltd
on (02)819 7222.

New computer
courses fromTAFE

SW TAFE's new School of

Computing and Informa-
tion Systems is developing two
associate diploma courses to
train for commercial computer
careers in programming, Ssys-
tems analysis and management
and microcomputing. It hopes
to begin teaching the courses in
1988.

Both courses are expected to
be offered as two year full-time
courses, as well as four year
part-time  courses.  These
courses would incur no tuition
fees and the $250 tertiary
administration fee would also
not apply to them.

The Commercial Data Proces-
singcourse will provideasound
knowledge of data processing
principles and systems training,
with a large component of prog-
ramming and systems work
directed towards commercial
usage.

The Microcomputer Systems

course is to provide broad train- >




_ Green Cat x-1223
Amber Cat X-1224

COMPLETE
WITH Acer 500+

MONITOR! By Multitech

500+ comes with 256K or 640K RAM, single or twin floppy disk drives, optional 20Mb hard
drive, keyboard selectable 4,77/8MHz clock speeds, 12 months warranty, MS.DOS
256K RAM, single floppy disk drive, MS.DOS (version 3.2)
software and monitor!  Cat X-8050
and monitor! Cat X-8051

' nrs1295
Systom 3

software and morel!

Complete! 9 9 5
System 2
Amazing 640K RAM, single floppy disk drive PLUS 20Mb Hard Drive and MS.DOS (version

Now there's an affordable computer system with all you need for work or play! The ACER
System 1

With 256K RAM, twin floppy disk drives, MS.DOS (version 3.2), serial and parallel ports
3.2) plus monitor! Cat x-8052

Magic Modem!

The Bit Blitzer 12E, the best thing to happen to
modems in years! With selectable fuil duplex 1200/
1200 or 300/300 baud, auto answer/dial/
disconnect, Telecom authorised, quality
construction. Hayes AT command set compatibility,
fully keyboard controllable. Cat x-3308

n: =
5399 |
*499

Also available Bit Blitzer 123E, same as above plus 1200/75 Viatel
operation. Cat x-3307

Bit Biitzer Buyer’s Bargain Bonus!
Buy a Blt Blitzer this month, and we'll throw in the serial cable . . . FREE!
Tha( 3 rl79hL your cholce of either 25/25 pin "D" cable (X-. 3564) or 25/9 pin "D” cable

Save $50!!

Green or Amber composite T
monitors at this great low price!
Both feature anti-glare screen,
wide video bandwidth for
clearer sharper picture, 30cm
screen size with front mounted

Hard Drive! 31 995
A

| SAVE UP TO $29.95 — THIS MONTH ONLY!

| ) Order b‘phone. 24 hour
despatch through DSXpress.
£ESS Call TOLL FREE (008)22 6610
(Sydney Area, call 888 2105)

PRICED FOR HOME, BUILT FOR WORK!

Bargaln B & W Monitor

Check it outfor value! 12" B & W
TTL Monitor with anti-glare
screen, pan/tilt base and front
mounted controls. Exceptional
value and quality! Cat X-2400

Makes Working Easier!

Quality monitor swivel bases. \

Two great models to choose E

Irom.gBoth feature robust “k\'“
S .

construction, 360 degree
horizontal movement and 25
degree vertical adjustment.

249

Deluxe Base

With anti-skid feet! Takes 22cm  With front mounted locking

Budget Base!

controls! to 35¢m screens. Cat x-1190 knob. Lets you adjust
the angle without removing
WAS ”‘9 31 99 32495 the screent
Cat X-1191 33995
Disk Savers .
Don‘t pay more! DSE quality '
5%" Diskettes are so good — we
use "em! In hard plastic storage Budget Beatel's.

box they make good sense. 495
$8/DD Cat x-3500 Box Of 10 low price! Cat X-3521

DS/DD Cat x-3501 Box Of 10 32695 Pack Of 10 31 895
%=  Leftter Quality or Lightning Fast!

The best of both worlds! Fast 135¢ps Dot Matrix printer.

Choose between super speed or near letter quality. Ideal for
graphics, correspondence, invoicing... anything! 101mm to

254mm paper widihs and with inbuilt 3499

tractor feed! Cat x-3225
Female/Female! Adapts male Serial cables without rewiring or

20% Off Gender Bender!
resoldering! Simply plug it in. Twin female DB25 sockets with all

wired pin to pin! Cat X-3566
! $12%
Save $3!!

The Male/Male Gender Bender is really kinky! It does just what the
= female one does only differently! Save 20% now! Cat X-3565 s1 295

nszaz Breakout Box.
Almost 2 Price!
Permanent RS232 Jumper

Just what you need for serial
applications like modems, etc!

box! Just like the breakout
box except that the

Our new Budget DS/DD 5%"
Diskettes! Look at the fantastic

&

Anywhere connections need
constant changing! DB25
male to female with pin 1 8

|
|

)y 3
permanently wired. The S connections are made
32750 ?tr‘l(ers are %%en with wire WAS $17.50 :‘etf":::z’nl:'::% :g:::l:f:g ':{l 25
inks supplied. Cat x-3568 on.
il b 3995 pins are open and wire links
NOW supplied! Cat x-3569

Printer Switching

W The Parallel Switch Box will
save you heaps! Lets you run
one printer from two
computers or even two
printers from one computer.
No more cable changing! Just
plug itin and it does the rest!

Save Desk Space!

With the CPU Floor Mount
Stand you can mount your
CPU on its side — beside the
desk! Gives you back your
desk for working on. Great
idea! Cat X-3810

CKS' SMITH
ELECTRONICS

PTY LTD

35995




MAKE YOURSELF A MODEM!

Build yourself a modem. Save money, learn about the technology and enjoy the pride and satisfaction that comes from having made it your-
self. By special arrangement with Maestro Distributors, we’re able to offer these kits to AEM readers. And these Maestro kits look “just like a
bought one”. They're complete to the last nut and bolt, right down to comprehensive building instructions and user manuals. And Maestro
offer a fix-it service for a reasonable charge should you strike problems.

Select a modem to suit your computer and your budget. IEPECIAL OFFERI

THE AEM4622

BIT STREAM FLYER

Here’s the most economical way to get going at 1200 bps (V22) full duplex.
Upgrade your current datacoms system without throwing your existing THE AEM4610

modem away. This one’s just like any other “dumb” modem. All you need is MAESTRO SUPERMODEM

a computer with an R$232 serial interface and a terminal program or com- Described in AEM over April-August 1986, this popular “smart modem” pro-
munications software. Powered from 12 Vac plugpack. ject now comes with a “new look” and many software enhancements over

Now only $169.00! the original version. Just look at these features:

The components would cost you over $200 alone at retail prices. ® Hayes compatible @ auto-answer/auto-dial/auto-hangup e baud rate
. sense ® built-in bit rate converter ® meets Telecom requirements ® expan-

12 Vac plugpack to suit: $14.00 sion bus for easy upgrades @ V21, V23 (300/300, 1200/75, 75/1200 bps) opera-

tion ® V22 (1200/1200 bps) upgrade board available ® RS232 interface ®
| powered from 16 Vac plugpack.

Choose from two kits:
(a) AEM4610 with V21, V23 — $250.00!
(b) AEM4610 with V21, V22, V23 — $350.00!

With falling component costs and other economies, Maestro
can now offer it at less cost than the original kit offer!

16 Vac plugpack to suit — $14.00

I wish to order the following kit(s):
AEM4610 MAESTRO SUPERMODEM

(a) V21, V23 kit(s) at $250.00 ea.
____(b)Vv21,Vv22, V23 kit(s) at $350.00 ea.

Please include ____ 16 Vac plugpack(s) at $14.00 ea.
AEM4622 MAESTRO BIT STREAM FLYER

_ kit(s) at $169.00 ea.
Please include ____ 12 Vac plugpack(s) at $14.00 ea.

APPLE OWNERS!

APPLE MODEM So you thought you'd been deserted by the card makers of yesteryear?

kit(s) at $249.00 Here's a “Hayes Micro-Modem Compatible” modem with 1200/1200 bps

Add $8.00 each for delivery full duplex (V22) plus 1200/75, 75/1200 (V23) and 300/300 (V21) modes
plus auto-dial and auto-answer. No serial card required!

'll‘OTll\L: s$—_ total nt by: This is a new release from Maestro.

enclose S total, payment by: Kit price: $249.00!

Cheque No:
This offer is made by Maestro distributors and AEM is act-

Money Order No: ing as a clearing house for orders.

(make cheques or money orders payable to “Australian Electronics Monthly™)

Bankcard No: ORDER & DESPATCH CYCLE

Visa: The incoming orders are collated, cleared and despatched twice a
week to Maestro who then fulfill your order.

Mastercard:

Signature: FILL IN THE ORDER COUPON NOW!

(unsigned credit card orders cannot be accepted) Send completed orders to:

AEM/MAESTRO MODEM KITS OFFER

PO Box 507, WAHROONGA 2076 NSW

OR - you can ‘phone us and “pledge your plastic” to order. Call
(02)487 1207 ext. 12 and give your name, address and credit
card details.

Name:
Address:

Postcode:

(Please allow for normal mail and bank clearance delays)
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ingintheinstallation, operation
and management of stand-alone
and networked microcomputer
systems.

For more information regard-
ing these courses, contact: Mr.
Roy Hill, School of Computing
and Information Systems, Syd-
ney Technical College, Building
G, Mary Ann Street, Ultimo
2007, NSW. Telephone (02)217
3828 or (02)217 3498.

AWA wins award
forlocal area
network

or the second year running,

Amalgamated Wireless (Au-
stralasia) Ltd has taken out the
prestigious Engineering Pro-
duct Excellence Award.

AWA's winningentry this year
is AWANET, an advanced local
area network (LAN) system
which took five years and some
$2.8 million to develop.

The system isalready inuseas
the communications backbone
for the Sydney Police Centre
Radio Control System and it
will also be incorporated into
the air traffic control system to
be installed at the RAAF's F/A-
18 fighter base at Tindal in the
Northern Territory.

AWANET uses an innovative
mix of multipair copper cable
and optical fibre cable to inter-
connect computers, peripher-
als, telephones, intercoms,
radios, sensors and displays.

It can be installed in old or
new buildings, in ships or in
transportable cabins and AWA
sees it as the answer to many of
the internal communications
wiring and interface problems
that confront large organisa-
tions daily.

A major design breakthrough
in the development of AWANET
permits a virtually unlimited
number of users to “confer-
ence”, without the need for a
“press-to-talk” switch for each
speaker ora VOX system, which
locks other speakers out.

Thisfeatureallows policeand
emergency service officers to
talk together in an emergency,

interjecting with new informa-
tion as necessary.

The
“computerised”
World Expo 88

ext year's World Expo 88

will be the most com-
puterised international exposi-
tion in history. Computers will
make easier the location of
everything from lost children to
lost umbrellas, provide more
effective security and allow vis-
itors easy interactive informa-
tion seeking.

Expo has installed a com-
munications system with the
largest local cable system of it's
kind in Australia, consisting of
26 km of data transmission
cable laid on the site.

The lost children computer,
called "Lostots” should make a
visit to Expo a lot less traumatic
for both parents and children.
Lost and distressed children
would be taken to one of five
centres on the Expo site where
they would be able to see and
talk to their parents on a colour
screen equipped with automa-
tic video camera, microphone
and speaker.

Children are not the only
things that get lost at large
events. It is possible that as
many as 20 000 umbrellas, 20
000 wallets, handbags and
purses and 30 000 other per-
sonal items will be left behind
or misplaced during the six
months of Expo.

The location of these items
will be made quicker and easier
withthe Expo"Finders” compu-
ter. Details of all items lost or
found will be recorded by the
computer allowing a quick
cross-reference check to be
made.

The Expo “Info” system will
give visitors information about
the pavilions and exhibitors,
what’s on at entertainment ven-
ues, food and beverage services
and outlets, maps of the site,
transport facilities and tourism
information. Touch screens will

be employed to provide a
friendly, interactive system for
information seeking visitors.

Another system, Expo “Acc-
sys” will control quickly and
efficiently the entry of season
pass holders and accredited per-
sonnel at designated entrance
gates. The "“Accsys” system
works with infra-red scanning
equipment to read and check
that the pass is valid and has not
been reported stolen or missing.

All participants at Expo will
be linked with Expo’s offices
through a major communica-
tions system driven by an IBM
System/38 computer which will
be the largest one of its kind in
Australia. Other manufacturers
and suppliers represented at
Expo include the American
based Datapoint Corporation,
Intermec and Telecom
Australia. In addition, negotia-
tions are being held to sell some
of the software developed to
overseas organisations.

NewEGA card

lectronic Solutions of Syd-

ney has introduced the
"PEGA” card, an EGA compati-
ble video card for PCs and com-
patibles whichisclaimed topro-
vide important extra facilities at
a much lower price than com-
peting products.

Among its extensive
facilities, the PEGA card offers
complete compatibility with
software written for all the other
video standards, including Col-
our Graphics (CGA), Hercules
Graphics and Plantronics “Col-
ourPlus” modes.

External switches mean that

?XT;'—T:L!Z”.‘IE,"" rw .._!!'h

- BYIE
;'{ ,_;\__Aff g ;“',‘ / 4_L_
the PEGA card can be confi-
gured from outside the system.

An easy to use utility is
supplied with the card to allow
users to switch between modes.

Flicker-free scrolling is per-
formed inall modes and 256K of
RAM isinstalled on-board.

The card fits straight into a
“short slot” and is fully compati-
ble with monochrome, RGB and
enhanced RGB monitors. It can
be configured to work ina “twin
monitor” arrangement, in con-
junction with another video
card.

The price of the PEGA card is
$495.00 including tax and car-
ries a 14-day money back
guarantee. For further informa-
tion, contact: Electronic Solu-
tions, PO Box 426 Gladesville,
2111 NSW. (02)427 4422,

Phone line zap
stopper

hey may seem like four unre-

lated words, but theyd take
on a new importance if your
modem and computer were zap-
ped by a lighting charge con-
ducted via the phone line,
according to Max Elliot of ABE
Computers in Melbourne.

A Canberra journalist reported
recently that his modem and
computer had been damaged
severely from a substantial
"spike” conducted via the Tele-
com phone line.

Max had the answer for him, a
little solid-state "button” that
connects across the Telecom line
with a wire going to the house-
hold ground.

It can be installed in a standard
phone line plug or socket.

The device has been tested by a
local university and found to do
the job, according to Elliot.

Its also good for protecting
FAX machines, or anything else
that uses a direct connection to
the Telecom phone line, he
claims.

The device costs just $29.00.
On a clear day, call Max at ABE
Computers, 24 Burwood Hwy,
Burwood 3125 Vic. (03)288 2144.

.-----------------------------.

 FREE!

o PUBLIC DOMAIN
| SOFTWARE

l Specify the computer you have
- A < < A < AR A - A A A A R AR A AR R AR

Domain Software

® Add 810 for MAC 3.8

'IBM-APPLEAMIGA

Macintosh Library Discs
Full of the best of the available Public

Send 6x36¢ stamps for postage. l
" Disks

MICRO-EDUCATIONAL P/L ‘

8/235 Darby Street
Neweastle

)
|
(049) 26 4122 !
|
|

2300

Australia’s Largest Computer
Mail Order Company
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Low cost hard copy
for the Commodore 64

Andrew Pierson

Here’s how to interface a cheap Telecom-surplus teleprinter to your
Commodore 64. A program called "Baudprint” converts the computer’s normal
output of ASCII characters to Baudot characters required by the teleprinter,
and provides unambiguous “codes” for the Cé4's special characters so

printouts miss nothing.

SECONDHAND teleprinters are an attractive proposition for
cheap computer printout, but until now the big problem has
been that the Baudot character set does not include a number
of vital ASCI characters. With the Commodore 64, the prob-
lem is compounded by those ubiquitous “quote-mode”
graphics characters. Baudprint is a two-part program
(machine code and BASIC) which not only solves these prob-
lems, but includes all sorts of other “goodies” as well.

Interfacing the Commodore to a teleprinter is a relatively
simple exercise. It is the software which performs the
“tricks”, so let us examine that first.

The program is comprised of two sections — a machine
code part which is “the works”, and a BASIC part. The
machine code part is loaded into the cartridge RAM area of
the C64 and this is then accessed by a BASIC driver program
which runs either by itself, or attached to a host program. The
machine code can also be accessed directly from other
machine code programs, or from BASIC via SYS calls. Some
of the features of Baudprint include:

e A screen dump with several graphics driven editing fea-
tures, including starting row selection, line abort, line feed, a
“paper out” sequence and a stop code.

® Subroutine printing (the normal printing mode), which
allows you to lift text out of a screen “window” of any
defined size and then return to your host program in BASIC.

¢ Direct printing from tape or disk files without having to
load the files into the C64.

e A TTY (teletype) test section which includes two test mes-
sages and also a continuous alternating signal for margin
selector adjustments.

e A merge facility which allows you to add a previously writ-
ten program to the BASIC section of Baudprint.

e Common teleprinter speeds are supported, including
45.45, 50 and 75 baud. The speed can also be changed in
small increments if you don't want to fiddle with the TTY
governor.

The principles of Baudprint

To overcome the problem of missing characters in the Baudot
character set, Baudprint substitutes special two letter groups
in lieu of unprintable ASCII characters, "quote mode” sym-
bols or graphics. The derivation of the groups have been care-
fully thought out so that they are unambiguous and easily
remembered. The groups are made easily distinguishable by
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FIGURE 1. Baudprint’s two-letter substitutes for unprintable
ASClIl characters and “quote mode” symbols.

AsCIT BAUDPRINT DERIVATION
.LAT., AT
{ .0B.. Open square Brackets
) ..CB.. Close square Brackets
? “oUALL Up Arrow
o ~aLA. Left Arrow
«oEML. Exclamation Mark
..00.. Quote Quote
. GNRLL T NumbeR
3 Y ANg
«AS.. ASterisk
«oSCas Semi Colon
3 welTes Less Than
> «.6T.. Greater Than
C-64
* QUOTE-MODE*
CURSOR-LEFT «oCle. Cursor Left
CURSOR-RIGHT «CR.. Cursor Right
CURSOR-UP +oCUas Cursor Yp
CURSOR-DOWN PRALN Cursor Down
CLEAR-HOME «.CH,. Clear Home
HOME -CURSOR .oHC.. Home Cursor
REVERSE-ON PRLL I Reverse oN
REVERSE -OFF LWREL. Reverse off
C-64
GRAPHICS
o «PL.. 21

All remaining graphics characters are identified by their Commodore
Screen Display Code; eg

..SDC-992. .

..50C-123.,

printing two periods either side; e.g: an asterisk is printed as
..AS.. and a cursor-down “quote mode” character appears as
..CD.. and so on. The two periods should never appear in nor-
mal programs, so you can't mistake the groups. When con-
secutive groups are printed, there will be four periods bet-
ween them. This makes counting of a number of cursor move-
ment characters very easy since the groups are separated by
both distance and profile.
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CIRCUIT DESCRIPTION

The circuit is powered from the 240 V mains via a 15 V centre tapped
transformer T1. The transformer drives a full wave rectifier which
delivers about 10 V and from which the regulator, comprised of Q1
and Q2, develops a variable potential of around 6 V. The Baudot
code at TTL level appears on pin C (PB0) of the C64's user port and
when this line goes high, transistor Q3 will turn on allowing current
to flow through the LED part of the opto-isolator, IC1. The transistor
part of the opto-isolator will turn on, depriving transistor Q4 of base
current, thus turning it off. Since Q4 is used to control the output vol-
tage of the regulator, the Baudot code will appear atits collector. The
lower point of the voltage swing at the collector of Q4 is 0 V and the
upper point is made variable by changing the regulator output vol-
tage. The selector magnet coil of the teleprinter is then driven by the
“super-alpha” darlington pair, Q5 and Q6.

The disc ceramic rail bypass capacitors C3 and C4 and the base
feed resistors associated with the emitter followers are measures
against parasitic oscillations which can sometimes plague high gain
common collector stages. Excess voltage available for the collector
of Q6 is used to power the indicator LED; 20 mA passes through the
LED whilst the remaining 40 mA passes through the parallel 47 ohm
resistor R11. The LED will illuminate if idle current is passing and will
blink when data is being transmitted.

Transistor Q6 does not require any additional heatsinking, pro-
vided air can pass freely around it. During the “idle” or non-printing
periods, a current of 60 mA must be maintained through the tele-
printer's selector magnet coil. The value of this current is set by
removing the link at the left of the LED and measuring the current
between the two ends of the link. The current is adjusted to 60 mA
during idle by adjusting the 1k preset RV1.

oX

o
m" o TO TTY
Q4 SELECTOR

BC549 l MAGNET

Graphics

Graphics characters which are not in Baudprint's repertoire
are identified by their Commodore screen display code, so
you can easily look them up. This means that it is not neces-
sary to hand annotate anything on the printout. To further
facilitate reading, Baudprint will not break up any substitute
group. If there is insufficient space at the end of a line, the
group will be printed at the beginning of the next line. When
this happens, the end of the previous line will be marked by
the Baudot “stop” or EOT symbol. This symbol is very dis-
tinctive and is not used in computing.

The hardware

In order to use a teletype machine with your computer, you
will need some additional hardware to convert the TTL level
signals of the computer to the current loop interface of the
teleprinter. The design presented here is an efficient low vol-
tage unit which is ideal for use with the Siemens 100 type of
teleprinter currently quite commonly available on the
surplus market.

Construction

Construction of the interface is quite straightforward if you
use the pc board designed for the project. Check the board
before fitting the components, making sure that all holes are
drilled correctly and that there are no shorts or fractured
tracks. D
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AEM4509 PARTS LIST Pin 1 Anode
2 Cathode

Resistors all /4 watt 5% 3. NC

2 47k SETe]

R2 oo, 470R i

R3 ... 4k7

R4 ... ... i 1k

R85 ease b aaaaaaaaa 2k2

RE oo 10K CIobel

R7 .. 2k2

R8 .......... ... .. 1k

[RS8 a6 ba6aaa060a 00 10k BASE 4

R10 ................ 100R COLLECTOR “&

R11 ... 47R EMITTER

RV1 .. 1k vertical 5 mm trimpot

Capacitors BC548

C1 .... 1000u/25V RB electro

cz..... 220u/16 V RB electro

Cc3-C4 ........ 100n ceramic 2

Semiconductors COLLECTOR

D1-D3 ........ 1N4004 diode BASE

ZD1 ...... 4V7/400 mW zener EMITTER

Q1-Q5 ... BC549

Q6 ........ BD139 transistor

IC1 ...... 4N28 opto-isolator

LEDY...... TLR107 red LED flat

Miscellaneous -

T ... M-2155 transformer

AEM4509 pc board; mains lead K

and plug; mains cord clamp

grommet; 2-way mains connec-

tor block; panel mount fusehol-

der; 500 mA fuse; two small rub-

bergrommets; C64 user portcon- STRIPE SHOWS

nector and backshell; one metre RECARNELes0

hookup wire; two metres single ad oot

core shielded cable; nine pc RATED YOLTAGE

board pins; plastic or aluminium

case to suit; nuts, bolts, spacers,

washers, lockwashers and earth

lug. COMPONENT

Estimated cost: $50-$55 PINOUTS

Commence by fitting all the passive components such as
resistors and capacitors and take care with the polarisation of
the two electrolytic caps C1 and C2. Use pc board pins for the
connections to the transformer secondary, the C64 user port
connections and the selector magnet connections. It is also a
good idea to use pc board pins in the two holes associated
with the link as the link can be re-fitted after adjusting the
magnet current without having to remove the board from it's
case.

Construction can now proceed with the semiconductors.
There are two silicon diodes, one zener diode, five BC549
transistors, one BD139 transistor and the 4N28 opto-isolator.
Take care that all these components are inserted with the cor-
rect polarisation before soldering them in place.

Once you have completed the pc board, you can turn your
attention the the case. We used a diecast aluminium case for
our prototype, but there is no reason why a plastic case of
suitable dimensions could not be used. Drill the holes for
mounting the transformer and pc board after trial fitting them
in place and also drill holes in the end of the case for the
panel mount fuseholder and mains cord grommet. The wir-

LEVEL
We expect that constructors of an

INTERMEDIATE
level, between beginners and experienced
persons, should be able to successfully
complete this project.

c3

100n 100nF== T
O?MUU [l\ . Q6
<

=~ 8 X,

, 3
: CD : :
3
4 —
o
10 TTY
: SELECTOR

MAGNETS

Component overlay, showing placement of all the
components. Note that all the off-board connections are
marked, too. The LED may be mounted on the lid of the case
enclosing the unit.

This photograph shows the completed intertace pc board
ready for installation in a suitable case. In our prototype, we
put the LED on the board, but there is no reason why it could
not be mounted on the case using a suitable bezel.

CIRCUIT VOLTAGES

To assist constructors, we have provided an analysis of the vol-
tages that can be expected at the electrodes of each of the six
transistors in the project. Because of variations in components,
there might be some slight differences in the readings obtained in
your project. Slight differences are nothing to worry about, but if
the readings you obtain are markedly different, the information pre-
sented here should enable you to narrow down the suspect area.

The measurements were made with the 240 V mains input con-
nected and turned on, the teleprinter machine connected and
turned on, the loop current adjusted for 60 mA and idle (no signal)
conditions. A 100 k/V meter was used to make the measurements
and all are with respect to ground.

Transistor emitter base collector
Q1 45V 5.2V 6.7V
Q2 6.0V 6.7V 9.9V
Q3 ooV 0.65V 99V
Q4 0.0V 0.035V 6.0V
Q5 535V 6.0V 9.9V
Q6 46V 53V 7.8V
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An internal view of the completed interface. Notice the use of
pc board pins for terminating the flying leads. For clarity, we
have not insulated the mains wiring in the prototype. For
safety, you should use insulating tape, “spaghetti” or
heatshrink tubing to cover all exposed mains wiring and the
connections to the fuseholder.

ing diagram shows what connections are required, but take
extra care with the mains wiring and cover any exposed
mains connections with insulating tape or “spaghetti” after
they are made.

If you are using the M-2155 transformer as specified, you
should make the centre tap connection to the pc board from
the 7.5 Vtap. The 0 Vand 15 V taps are then used for the other
two connections. This will result in a 7.5-0-7.5 V configura-
tion which is what's required.

The price estimate quoted in the parts list covers the pur-
chasing of all components and is dependent principally on
the cost of the “hardware” items. You may elect to use a plas-
tic utility box for a saving of perhaps $10 in cost. You may use
a transformer you have on hand, provided it has the required
secondary voltage rating. Only about 100 mA is drawn, so a
low-current transformer only is required. It is strongly
suggested you use a proper edge connector for the C64's user
port.

This section of the internal view of the interface clearly
shows the layout of the mains wiring. Make sure you use a
proper cord-grip grommet for the mains cable, not a simple
rubber type. When you drill the hole for the grommet, make
sure it will be a snug fit and the cable is heid tight. Note that
the required hole has two flat sides to prevent twisting of the
grommet. Drill the hole to the diameter of the flat sides, then
file it to shape.

The neutral (blue) wire is connected to one side of the .
transformer primary via the terminal block. The active (brown)
lead is terminated directly to one side of the fuseholder. The
other side of the fuseholder is then connected to the other
side of the transformer primary via the termina! block.

The earth (green & yellow) wire is cut somewhat longer
than the active and neutral wires and is terminated to a solder
lug firmly clamped to the chassis under one of the
transformer mounting bolts. You should use a shakeproof
washer under the nut to ensure a good connection and to
prevent the nut from coming loose.

With all mains wiring it is important to insulate any exposed
parts with tape or “spaghetti”. For the sake of clarity, we
have not done this in the unit pictured.

If you wish, a degree of additional electrical isolation bet-
ween the C64 and the interface/teleprinter may be obtained
by disconnecting the end of R2 that connects to C1, replacing
R2 with a 220R resistor and connecting the ‘free’ end to pin 2
of the user port.

About the teleprinters

Currently, the most readily available teleprinter in Australia
is the Siemens 100 and large numbers have been released
onto the surplus market by Telecom. These units are well
engineered and providing the motor brushes and bearing are
in good condition, they will probably give many more years
of reliable service. Motive power is provided by a high speed
governor controlled 240 Vac motor, running at 5000 rpm, and
consuming only 35 watts. You should be aware that there are
some 100 Vac versions around and whilst these will be
entirely adequate for our purposes, you will need a suitably
rated stepdown transformer to use the machine on the 240V
mains in Australia.

Several variants of the Siemens 100 were made, with the 50
baud keyboard/printer model being the most common. Some
models have tape readers and punches, but these are not of
much use in ourapplication and only increase the bulk of the
machine. The “prize catch” is the 75 baud printer only. These
were used for the transmission of telegrams to post offices
and are a good choice because of their higher speed and
lower bulk as they have no keyboard. If you have a choice
when buying your teleprinter, choose one that looks clean
inside as this probably nieans it has been recently serviced.

Teleprinter consumables

Paper for the Siemens 100 is readily available and if you have
no cheaper source, it can be obtained from many office
stationery suppliers. The ribbons are a standard item (DIN
2103) and should be stocked by most typewriter specialists.

Two types of lamps were used for interior illumination; >

This project actually arose out of the efforts of a number of contributors
working independently. While Andrew Pierson wrote the Baudprint
software published here, and provided a circuit for an interface, Frank
Rees, a keen computer/electronics enthusiast from Victoria, and Roger
Graham, a teacher from NSW, contributed ideas and practical circuits
which we have drawn upon. (Roger Graham has contributed simple
Baudot output software for the Apple I, which we hope to publish in the
future given sufficient interest). The contribution of lan Jellings from
South Australia, published in our Commodore Codex Column of Feb-
ruary 1986 is mentioned in the text. The interface circuitry given here is
an amalgam of the ideas contributed by the above-mentioned authors.

Dec. 1987 — Australian Electronics Monthly — 85




aem project 4509

either 6 V festoon bulbs or a single 6 V, 18 W globe having a
single contact bayonet cap. Both of these can be obtained
from Lucas Industries Australia Pty Ltd, or from auto electri-
cal dealers.

Wiring

The physical arrangements of feeding 240 Vac to the tele-
printer will have to be left up to you as there are a number of
different configurations depending on the type of machine
used. The Siemens 100 was meant to be used with a control
unit and connections to the machine were made by a special
multi-pin connector. Most hobbyists elect to remove the
multi-pin socket on the teleprinter and wire the mains
directly to the machine. If this method is used, it would be
wise to install a 500 mA slow-blow fuse in the active lead.

If you are uncertain about the teleprinter wiring, a good
source of advice may be found in amateurradio circles. Many
radio amateurs are familiar with teleprinter machines and
some guidance on re-wiring them is usually forthcoming. All
wiring associated with mains voltages should be secure, well
insulated and installed well away from rotating shafts etc.
The active and neutral wires have been found to be trans-
posed on some surplus machines, so take the cover off and
trace the wires through to the power socket with an ohmme-
ter.

The current loop wiring from the interface to the tele-
printer must be connected directly to the selector magnet
and not connected to anything else. It is strongly suggested
that a diode is placed across the selector magnet coil to pre-
vent voltage spikes from damaging Q6 in the interface. Make
sure this is connected in the right polarity, with the cathode
to the emitter side of Q6 and the anode to the ground side. If
you do get it the wrong way around, it is unlikely that damage
will occur due to the current limiting characteristics of the
interface. The diode used should be a 1N4002 or 1N4004
type which are rated sufficiently to withstand the voltage
spikes.

Do’s and dont’s

Idle current must be maintained whilst the teleprinter motor
is running. If you switch off the C64 or the interface without
first turning off the teleprinter, it will go into paroxisms,
rapidly alternating between the LTRS and FIGS modes. The
rule is to switch on the C64 and interface first and don't turn
off the C64 or interface before the machinery in the tele-
printer has come completely to rest. Also, you should always
leave the type basket parked at the left of the carriage as this is
much kinder to the return spring. When operated manually,
Baudprint will always do this for you.

The usual precautions regarding the interface of the C64
should be observed. Never plug anything into the C64's user
port or disconnect anything from the port whilst the compu-
ter is turned on as it is very easy to damage the VIA chip in
the computer. Always make sure the computer is off before
plugging in the interface and always use a user port plug
which has a key fitted. I don't know how many Cé4s I have
seen damaged when the user port plug is inserted the wrong
way up or slightly out of alignment, but it’s a lot!

Compatibility and other teleprinters

Whilst the interface described here was designed for use with
the Siemens 100 type machine, there is no reason why it can
not be used with other models instead. Teleprinter machines
invariably use a current loop interface and whilst this is not
always 60 mA as in the Siemens machine, the interface is
adjustable and should work without modification. Machines
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such as the Model 15 teleprinter can still be obtained, but are
getting rarer.

For those wishing to use other types of teleprinter
machines, the comments accompanying the “Commodore
Codex™ article by Ian Jellings in the February 1986 issue will
be useful. It should be noted that other machines may require
the extension of the STOP bit time from 1%z to two character
bits. Baudprint and Ian Jellings’ program are hardware comn-
patible, meaning that if you have already constructed an
interface for the latter, Baudprint will run by simply loading
the software. Conversely, Jellings’ program should run with
the Baudprint interface.

Where to find teleprinters

There are a number of ways to go about finding sources of
surplus teleprinters. You could try scanning the classified in
amateur radio magazines or government auction ads in the
local press. Another alternative would be to get in touch with
an organisation such as ANARTS who are a national organisa-
tion of radio amateurs whose interests lie in radio teletype.
ANARTS should not only be able to suggest possible sources
of supply, but may be able to assist you with wiring modifica-
tions and spare parts. The address of ANARTS is PO Box 860,
Crows Nest 2065, NSW. If writing, please include a self-
addressed, stamped envelope for your reply as this is an
amateur organisation, funded entirely by it's members.

Another possible source of used machines is your local sal-
vage or scrap metal dealer. Readers in NSW could try a phone
call to Cavions Scrap Metal in Bulli on (047)846 838. Readers
in other states could perhaps consult their telephone direc-
tory and call a few likely looking dealers.

Operations

All of Baudprint's operations {with the exception of paper
movement and merge) are essentially screen dumps, in that
some of the screen memory is used for the temporary storage
of the text to be printed.

The BASIC section PEEKs the appropriate characters (in
screen display code) from the C64’s screen memory and
transfers these to the machine code section. The mathematics
associated with screen memory housekeeping are handled
by BASIC and the printer housekeeping is handled by the
machine code routines. The screen display code of the cur-
rent character to be printed is POKEd into memory location
49209 and the machine code routine is then invoked by a
SYS49210 call.

Due to the overall complexity of Baudprint, there is insuffi-
cient room here to detail all of the BASIC operations, let
alone the machine code which extends from memory loca-
tion 49200 to 51583. With a program of that size, it would be
impractical to provide a full assembly listing and therefore, it
is presented as a hex dump. A machine code monitor such as
the Octobyte monitor program published in our November
‘87 issue will be needed to enter and save the program.

The BASIC listing has been produced with a conventional
dot-matrix printer, with the translations of the “quote mode”
characters printed out in full. This listing could just as easily
been produced with Baudprint, but we didn’t want to throw
you in at the deep end just yet! Take note that the backslash
before the $ symbol in line 63160 should be entered on the
C64 as a British Pound symbol.

Machine code operation

Since the machine code section is common to all of Baud-
print’s operations with the exception of merge, we will pro-
ceed with a general description of what goes on inside it. The




screen display code (SDC) of the current character is POKEd
into memory location 49209 and the printing sequence is
started. The first step is to load the SDC value into the
accumulator where it is compared with the SDC values of all
directly printable characters. When a match is found, opera-
tions jump to the character assembly area. If no identification
is made by the time the end of the table is reached, the SDC of
the character will be printed.

The next section of the program generates the correct
Baudot code at the selected speed for all printable Baudot
characters, including space, carriage return, line feed, “shift
to letters” and “shift to figures”. Instead of the conventional
method of loading a suitable value into a register and rotating
the bits out at the correct intervals, the code is generated
using a system of three subroutines as follows:

1. Set output bit low, then a time delay equal to one character
bit (LOW).

2. Set output bit high, then a time delay equal to one charac-
ter bit (HIGH).

3. Set output bit high, then a time delay equal to one stop bit
(STOP).

Each Baudot character is assembled by calling these
routines in the correct order until the complete code for that
character has been transmitted. The routines for each charac-
ter therefore consist of a number of JSR (Jump to Subroutine)
instructions to the appropriate bit routines. Every character
always starts with a LOW bit and finishes with a STOP bit. As
soon as the first bit of a character is received, the teleprinter
starts it’s mechanical decode cycle. Depending upon the
polarity of each following bit, the selected character is then
printed.

Character assembly area

This area of the program supervises the printing of each
character or group. In the case of a single printable Baudot
character, the printer shift status is evaluated to see whether
it is in the LTRS or FIGS mode. If the mode is incorrect for the
character to be printed, the appropriate shift command is
sent first, followed by the code for the character. The printer
line character counter (LCC) is then incremented by one and
the resulting value is compared with the current line length
(normally 69) to find out if the printer is at the end of its line.
If it isn't, an RTS (Return from Subroutine) instruction sends
operation back to the BASIC program to get the next charac-
ter. If the printer line is full, carriage and line-feed characters

are sent, the LCC is reset to zero and control is then returned -

to the BASIC program.

When a substitute group is to be printed, the remaining
length of the printer line must be checked to see if there is
enough room. If enough room exists, the group is printed and
the LCC is incremented by six. If insufficient room is left on
the line, the STOP character is printed, carriage return and
line feed characters are sent, the LCC is reset to zero and the
group is then printed at the beginning of the next line.

Print SDC routine

If the character PEEKed from the screen memory is not iden-
tified, the “print SDC” routine is put into action. Since the
screen display code (SDC) is already in the accumulator, you
may think that printing it would be easy. Unfortunately, it
isn't so simple in machine code, as the SDC value must first
be split into it’s three separate digits.

The routine works like a mechanical three-digit counter,
with each digit represented by a memory location. The
counter starts off at 000 and is then incremented up, one digit

at a time. After each increment, the counter value is com-
pared with the SDC value until they are equal, at which time
the counter stops. The three digits can then be read from their
respective locations and used in a routine which prints
..SDC-123.. or whatever the case may be. Before the group is
printed, a line length check needs to be carried out as before,
but this time for 11 characters.

Carriage return delay

There is a delay subroutine associated with the carriage
return to allow for slow machines. The value of the delay can
be specified in the setup area of the BASIC program. Tests
with a Siemens-100 running at full machine speed indicated

.that no additional delay was required, but other machines

may be different. Just for safety, a delay of 200 milliseconds
has been installed as a default setting.

BASIC operations

As described, Baudprint is intended to be used with a cas-
sette data recorder. If you're using disk, the relevant state-
ments in the BASIC listing and in the preparation of the files
will need to be changed. A list of the required changes
appears at the end of this section. Comments in the following
description will refer to cassette tape operation.

Using the BASIC LOAD command, load BAUDPRINT-MC
(the machine code) first. After entering NEW to reset the
BASIC system, load BAUDPRINT (the BASIC part). You will
now need to LIST the setup area starting at line 63420. Lines
63480 to 63500 are used to install the speed of the Baudot
output code and line 63620 needs to be set for the type of
monitor in use. As printed, the program is set for 75 baud and
a monochrome monitor. Line 63480 sets the Baudot character
bit time and the values for both 50 and 75 baud are indicated.
Line 63500 sets the stop bit time which is set to 1%z character
bits. Line 63490 is an incremental adjustment for fine speed
variations. For 45.45 baud, change the values POKEd in lines
63480, 63490 and 63500 to 17, 233 and 26 respectively.
Speeds other than those mentioned may be catered for by
simply scaling the values given.

Set the type of monitor you are using and leave the setup
table alone for the present. We will come back to the other
options a little later. If you RUN the program at this stage, you
will enter the master menu. Baudprint carries out a check of
machine code integrity so if there is anything amiss, the mes-
sage “MC PROGRAM CORRUPTED OR NOT PRESENT" will
appear. If you have entered and saved the program correctly,
you should never see this message.

The master menu

From this menu you can select three paper movement modes,
enter “file and list” printing, TTY test and merge. The screen
dump is entered directly and the printing subroutine is cal-
led from the host BASIC program, once Baudprint is attached
to it.

The first step after initially firing up your teleprinter is to
run the TTY test facility. Select continuous RY and adjust
your margin selector so that it is midway between the points
where the teleprinter starts to print errors. The reason why
the letters R and Y are used for testing is that in the Baudot
code, they contain the maximum number of signal alterna-
tions. If there are any errors in the decoding, they will usually
appear when printing these characters.

If after running the test you still cannot obtain error free
printing, the teleprinter speed should be checked. To find out
if this is the problem, try changing the speed adjustment in [>
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line 63490. For a 75 baud machine, the acceptable range is
about plus or minus 10 so try altering the value by increments
of 5 in each direction.

Paper movement

You can now try out the paper movement modes. The one
which will be most useful is the “paper out” routine which
advances the paper sufficiently for the printout to be torn off.
The default value is set at 20 line feeds, but you can change
the value to suit yourself by editing line 63530. File and List
printing and Merge require a specially prepared file, so don't
try them yet.

Screen dump

With this facility, the contents of the screen memory up to the
end of row 22 may be dumped to the printer. The remaining
two rows are required for communication with Baudprint. To
start the screen dump, move the cursor to row 23 and enter
RUNG60000. After the prompt message, enter the starting row
number and the dump will commence with the nominated
row. The dump will finish at the end of row 22, but you can
nominate the end point by using the editing options.

The graphics driven editing options are implemented by
simply overtyping the text with certain graphics characters.
The editing commands are line abort, line feed, paper out
and stop. Line abort appears as a vertical bar (a shifted nega-
tive sign), which causes the program to stop reading the cur-
rent screen row and continue with the next. Line feed
appears as a horizontal bar (a shifted asterisk) and causes
single line feeds to be added to the printout. Paper out
appears as a triangle (a shifted Pound) and implements the
“paper out” routine. Stop will be the most used used com-

mand and appears as a diamond (a shifted Z), which causes
the screen dump to halt. The screen is then cleared and the
master menu reappears.

If no stop code is used, the dump will finish at the end of
row 22 and will be spaced one line away from subsequent
printout. If you want to remove this blank line, change the
last number in line 60100 from 60260 to 60510. On the
assumption that you may need to edit, use of the stop code
does not add a line feed.

Once the screen dump is running, you will see that Baud-
print doesn’t waste time printing spaces at the end of a line.
By means of the routine in lines 60150 — 60180, each screen
line is scanned backwards from the right hand side until
characters other than a space are encountered. This means
that the length of each line is known before it is printed. As
the text is transferred to paper, it is erased from the screen
with the exception of any text that has been edited out by use
of the line abort and stop codes.

Printing subroutine

In this mode, Baudprint runs as a subroutine and is used to
print information from within a host program. If you are writ-
ing the program from scratch, load Baudprint first and then
start writing your program. When you save your program, the
BASIC part of Baudprint will go with it. If your program is
already written, you will need to merge it with Baudprint. We
will describe how to accomplish this after we have covered
some other necessary information.

In order for Baudprint and the host program to happily co-
exist, you must not use line numbers greater than 59879.
Also, don’t name any strings or variables with two letters
where the first letter is Z.

BASIC LISTING

FLEARSE RMJTE

WHEN SUBSTITUTE GROUFS AFE FRINTED FOF COMMODOFE GRAFHICS AND REVEFSED

CHARACTERS. THE FOLLOWING CONVENTIONS AFE OBSEPVED

1 AN UNDERSCORE IS PRINTED ON EITHER SIDE OF THE GFOUP. E G _[CLEAF-HOME ).

2 IF INSUFFICIENT SFRCE FOF A SUESTITUTE GRDMF IS AVARILABLF AT THE ENC: OF A
LINE. IT Will BE PRINTE[: AT THE BEGINMNING UF THE NEXT LINE THE END OF THE
PREVIOUS LINE WILL THEN RE MARKED BY A BACHSLASH <'.)

3 FOF COMMODORE GRAFHICS AND FEVERSED CHARACTERS WHICH ARE NOT QUOTE-MOCE
SYMEOLS. THE COFFESFON(ING SCREEN DISFLAY [OCE WILL EE FRINTEL. E G
-(SDC 90 1. OF _(SDC 125 )

59880 REMN
59896 REM Eees
59900 FEM +++++++44 BAUDFRINT +++442909
%9910 FEM
59928 REM

59920 FEM 8Y ANDREW FIEFSON. 1985/1987
59940 FEM ENQUIFIES PHONE (08> 2%8 a%1@

59933 REM FLEASE COMMUNICATE *'!
S996@ REM
S997D FEM NQ 1 - SCREEN DUMF PFOGRAM
59950 REM

59990 GOTUEDSHA

60000 GOSUBE34SD SYSS1330

62010 PRINT"_{ CRSR-UIF 1_"SFi <113 "ENTEF ROM NUMEEF @0 TO 22> FORZT=1T01500 MNEXT
60020 PRINT" _[CREF-UF1_"SPC(1d," EMTER BOTH DIGITS! “ FORZTe1TQ100@ MEXT
60030 GETZAS [FZAs=""THENGAOLD

60040 GETZ88 IFZ8%=""THENGO04Q

60050 ZF=(10%(ASC (ZAT)-4E) )+ (ASC(Z8$)-48) IFZRI® OF ZR>22THENGOD1O

62068 PRINT" _[CRSF-UP 1. "

60070 PRINT"_[CRSF-UPI_ DUMP FRUM ROW"ZR" FPPOGFAM RLINNING™" IY¥Y=1022+(30+2F
60080 FOKEZY. 32 2¥=Iv+l IL=ZL+1 IFZL=1THENERA1S@

50090 IFZY>ZE THENEG2OQ

60100 IFZY>1933THENGDR26@

£0110 2Z=PEEK(IY¥: POKE49209, 22 IFZZ=9QTHENEO26Q

60120 IFZ2I=91THENED220

60130 IFZI-10STHENEGO230

69140 SYS49210 GOTOEQO8O

62150 ZE=2Y+39

60168 ZD=PEER(ZE) IFZ20{>32THENEAOSQ

60170 ZE=ZE-1 IFZEC{ZY THEN6D19©

60180 GOTOE0160

60190 2¥=2¥+39 ZL=0 SYSS0643 50TO6ON8D

60200 2v=2v+41-ZL 2L=1 IF PEEK(49205)=0THEN6015@

68210 SYSS50€43 GOTOEO1TA

60220 TY=2Y+40-2L 2L=0 SYSS50643 GOTO60080

€0230 Z21=0

60240 SYSSO621 Z1eZI+1 IFZICZF THENEO24Q

£0250 GOT060080

€026 SYSS0643 GUTOEOHS10

60470 REM

68480 PEM MASTER CONTROL MENLI

€0490 REM

60508 PRINT"_[ CLEAR-HOME 1__{ CRSR-DOWN 1__[ CRSR-DOWN J__{ CRSF~D'0WN ) _[ CRER-0QWN 1
COFap=COMNIL " BOSURE. 450

€510 FFINT [ FLERF-HOME 1__[ CFEF-00MN I _[ CREP-[:0N ). [FYs i

[FYS-0FF I."
OS2 FFINT” CFYS-0NI_ BRAULFRINT - MASTEFR MEN _[FWI-OFF 2.
©@SIO FRINT® _CFVS-0n )L [RYS-0FF 1_"

QS8 FRINT" _[FPEF-[0N ) [ CFSF-LOMNI__[ CPEF-0OMNI_  PEY Fi "IF'LINE FEELS «FA
FEF CUT "

D FRINT_[ CREF-DOMN . F3  CONTINUOUS PRFEF ROVANCE"
FRINT"_[ CRSF-COWN I F< CANCELS PRFPER ADVANCE™
PRINT"_[C -0 ) F” SINGLE LINE FEEDS™
PRINT" F  FILE AND LIST PRINTING®
FEINT"_| T TELETYPE TEST FACILITY"
@ PRINT® 1 MEFGE FRCILITY”
PRINT".[C EAIT TO ERSIC™ PQrE138 @
GET2CS IF. C S THENSBTON

IFZCS#CHR S 479 THENEQT S0

IFZCS "54 136> THEHENTER

IFZCS THENS2009

IFCCS="T"THENS 2000

IFZCH="M"THENEZ 900

1FCCs="X"THENE3 700

GOTO6@E2Y

f £

SYES0621 Z1=I1+1 IFZICZF THENEOT1O

GOTOER620

SYS=RER1 . GETISS IFZSs=""THEN £8730

1F2S$7>CHRS (135) THENEOT30

GOTOERE20

SYSSe621 GOT060629

2 REM

REM MO 2 - PRINTING SUSROUTINE

REM

20=1 GOSUBE33ID

2v=1023+(40%2F)+2C TE=IY42ZX

ZvmZ¥el ZL=2L+1 IFZYOZETHENG1@90

ZZ=PEEK(ZY> POKE49209, 22 1FZC=9%@THENE1090

IF2Z=10STHENE1066

SYE49210 GOT06102@

21=@

SYSS0€21 ZI=Z1+1 IFZICZF THENG10TE@

307061020

IF PEEK(49205)=aTHENE1110

SYSSRE4Y

ZL.=@ RETURN

FENM

REM NO 2 - FILE AMD LIST FFINTING

REM

FRINT"_[ CLEAF~HOME 1__[ CRSR—-DOUN 1__L CRSR-DOWH J_ _{ CF'SR-DOHN J__T CRSR-DOUN 1
-LCRSR-DOWN I_" GOSUB6345@ OFENL, 1, @, "FILEPRINT"

62010 PRINT" [ CLEAR-HOME 1_"SFC(255)SFC(191) "« 4% PRINTING IN PROGRESS wwe\
-[HOME-CRSR J_"

62020 GETHL1. ZF$ PRINTZFS, IF ST THENG6213@

£2020 IFZF$<>CHR$C(13>THENE202Q

62040 ZE=1142 2¥Y=1062

62050 2D=PEEK: ZE> IFZDID3ZTHENG62090

620€0 ZE=ZE-1 IFZE{1064THENG62019

62@7@ GOT062050

62080 SYSS0643 GOTO62010

€20%0 PRINTSFC(25S)SPC(255)SPC(148)TE-1Q63" .l HOME-CFSR]_"

62100 2ZYe2y+1 IFIYI ZETHENG620S0

62110 2Z=PEEK(ZY) POKE49209.2Z

6212@ SYS49210 GOTO62100

62130 SYSSOE43 CLOSE1 GOTO60510

62970 REM

62980 FEM MO 4 - TTY TEST FACILITY

62990 REM

6300@ PRINT" _{ CLEAR-HOME 1. [ CRSR-DOWN J_ _{ CRSR=00WN I _[ CRSR-DOWN 1__[ CRSF-DOLNI_\
_LCRSR-DOWNI_ " GUSURE3450

£3010 PRINT" _[ CLEAR-HOME 1__[ CRSR-DOKN 1__[ CFSR-DOWN J__{ CRSR-D0OWN J_

~LRVS-ON1_
€3020 PRINT" g [ RVS-ONI_ TTY TEST ~[RVS-OFF 1_ -
63030 PRINT" -[RVS-ONI_ -

63040 PRINT"_{ CRSP~DOWN I__{ ERSF-LOWN )__{ CPSR-DOWN J__[ CRER-DOMN J__{ CREF-DOWN I K
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As explained previously, the screen memory is used to
temporarily hold the text to be printed. If the host program
does not need to retain information on the screen, then a typi-
cal printing sequence will look like this:

PRINT“[CLEAR-HOME]THE PHASE
ANGLE IS“AB”DEGREES*“CHR$(122):GOSUB61000

When these statements are executed, the screen will clear
and the printed message will appear on row 0. After the
printer has done it’s thing, operation will return to the host
program. The CHR$(122) tells Baudprint to stop transferring
text from the screen memory. If you don't use it, the transfer
will continue until the number of characters specified in line
63520 have been dumped.

If you need the screen all of the time, simply choose a small
“window” where the text to be printed will appear. Print the
text to be output by using BASIC cursor movements or by cal-
ling the Kernel for the PLOT routine. You then tell Baudprint
where to get the text from by setting the variables ZR (row
number) and ZC (column number). If you re-define ZX in line
63520 to the window length, you won't have to worry about
sending a stop code character.

Whilst in the subroutine mode, Baudprint suppresses all
changes in border, background and cursor colour, since these
may be controlled by the host program. If you wish to retain
Baudprint’s colours, delete the colour quit flag (zq 1) from
line 61000. The printing subroutine responds to all the
screen dump graphics control characters except the line
abort function, which is not applicable here. This printing
facility only amounts to 12 lines in the BASIC listing, but it
certainly opens up a lot of possibilities!

E¥Y: @ FOR "QUICK BROWN FOX- MESSAGE”
6303@ PRINT"_L CRSR-DOWN 1__f CRSR-DOWN 1_
6306@ PRINT" _[ CRSR—DOWN J__t CRSR-DOWN J_ R FOR CONTINUOUS ALTERNATIMG f-¥Y"
630970 PRINT" CMARGIN SELECTOR RADJUSTMEMNT)®

SgBBG PRINT " _[ CRSR=DOWMN J_ [ CRSR-DOWN J_ M FOR EXIT TO MASTER MENU“ POKE198

63090 GETZCS: IFZC$="Q"THENE3140

63100 IFZ2C$="8"THENG31€0

63110 IFZC$="R"THENE6318@

63120 IFZC$="11"THEN6@S510

63130 GOTO63290

6314@ PRINT"_[ CLEAR-HOME 1_THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG"CHR$(122
63158 GOSUB6108@ GOTO6301@

63160 PRINT"“_[ CLEAR-HOME J_AECDEF GHIJKLMNOPORS TUVIWXYZ 2123456789 \$7% )+, ~ -
-[SDC 91 1_"CHR$(122)

63170 GOSUBE1000.G0TO63016

6318@ PRINT"_{ CLEAR-HOME J_RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYFYFYR
YRYRYRYRYRY "

63190 PRINT"RYRYR“SPC(255)SPC(201) " +«=% PRESS ANY KEY TO CANCEL mw' GOSUBE 1006
63208 GETZCS$ IF2C$=""THENG3180

63210 GOTO63018

63420 REM

63430 REM M/C INTEGRITY CHECK & SETUP

63440 REM

63450 IF2J=1{THEN RETURN

63460 IF PEEK(43200)<{>85 OR PEEK(49943)<(>E5 OR PEEK(S0€18)<{>85THENG366@
£347@ IF PEEK(50831><>85 OR PEEK(31326)<{>8% OF PEEK(31583)<>8STHEMNE3660
63480 POKE49201.1@ REM SOBD=15/7SBD=10

63498 FOKE49202. 240 .REM FINE SPEED ADJ

63500 POKE49203,15 REM S@B8D=23/7%8D=1%

63510 POKE49204.69 REM PRINTER L/L

63520 2ZX=€9 REM MAX CHARS (PRINT SRT)

63530 2F=20 .FEM L/FEEDS FOR PRFER OUT

63548 POKES1548. 2 REM CR DELAY X100 MS

63550 REM LF & EOT BY GRAPHICS <OPTION)

63568 REM POKE49641,17 TO DISRBLE

63578 REM POKE49641,3 TO ENRBLE

63580 POKE49641,3

63590 IF2Q@=1THENE36%8

63688 POKE49207, PEEK (53280 POKE49208, FEEK(33281) PRINTCHR$(142)>"_[ CRSR-UP J_
63610 REM COLOUR 2G=1 MONCCHROME 2G=0

63620 2G=0 IFZG=OTHENG364@

€3630 POKES3280, 11 FOFESI281.0 PRINT"_[CTRL-6)__{ CRSR-UF )" GOT063650

B FOR COMPLETE BRAUDOT REPERTOIRE"

63642 POKES3280, @ POFES3281, 11 PRINT"_[ COMM-7 )__[ CRSR-UP 3_"

63650 20=0 . POKESES?9, 1 PUKESES?7, 1 SYS30594 SYSSRE97 ZJ=1 RETURN

63660 I1FZ@=1THEN PRINT"_{ CLEAR-HOME ] _[ CRSR-DOWN 1__[{ CRER-DOWN 1__{ CRSR-DOWN 1_%
~[CRSR-DOWN 1__CCRSR-DOWMN I_

6367@ PRINT"_LCRSR-UF). M/C PROGRAM CORRUPTED OR NOT PRESENT
EXT

63680 PRINT"_[CRSR-UF]_

63699 FORZT=1T0250 NEXT GOTOE3670

63700 PRINT"_[ CLEAR~HOME J_"SPC(?)" [ CRSR-DOWN 1__{ CRSR-DOWN J_=== EXIT FROM BAUUP
RINT www_[CRSR-DOWMI_"

63710 POKES3280. FEEK(49207) POKE49207. 0

63720 POKES3281, PEEK(4928&) : POKE49208, @ PRINT"_{ COMM-7 J__{ CRSR-UP J_" - END

63870 REM

63880 REM NO 5 - MERGE FACILITY

63890 REM

63900 PRINT"_CCLEAR-HOME )_"; ;OPEM1, 1. 8. "FILEPRINT*

63910 POKE184. 1 POKE18S5, 9€ ' POKE186, 1 POKE1S2, 1 PRINT" _[ CLEAR=-HOME 1_\
-CCRSR-DOWN J_*

" FORZ2T=1T012%@ N

-[CRSR-UFP]_ "

63920 GET#1, ZM$ PRINTZMS,

63930 IFZM$<OCHR$(13) THEN63920

63940 IFPEEK(1184)=18 AND PEEK(1109)=46THENG3960

6395@ PRINT“GOTO63910_[HOME-CRSRI_“: POKE631.,13 POKE632.13 POKE633, 13 POKE198: 3
END

63968 CLOSE1:GOTOEQS89

File and list printing

This facility is accessed from the master menu and enables a
file, or a list stored as a file, to be printed directly from a tape.
The file must be stored with te name FILEPRINT. Baudprint
accesses this file and transfers the contents to paper without
any further intervention, except to press the “play” button on
the data cassette.

In order to print a LISTing, the list must first be stored as a
file. With the appropriate file in the C64 and a blank tape in
the cassette recorder, enter the following:

OPEN1,1,2,“FILEPRINT”:CMD1:LIST

When the tape stops, enter PRINT#1:CLOSE1 before pres-
sing STOP on the cassette recorder. When the tape stops a sec-
ond time, the job is done. What the above achieves is to create
a file under the name FILEPRINT with the listing in ASCII
format, just as it would appear on the screen. the CMD1 state-
ment has caused this by switching the listing from the screen
to the tape recorder. There is also an “end of file” marker
which is detected by a change in the Status variable and this
causes the file printing to halt.

In use, characters from the retrieved file are printed on to
the screen, one line at a time. A scanning process is carried
out to determine the length of the line and then the line is
transferred to the printer, together with all the necessary
character to group translations.

Merge

This facility is accessed from the master menu and allows a
previously written program to be merged with Baudprint.
The program is first stored as a file, as described in the pre-
ceding section. Operation is very simple, just press “play”
when asked and when the master menu reappears, the job is
done. The retrieved file is printed on the screen, just as in file
printing. The difference here is that the C64’s BASIC operat-
ing system is tricked into thinking that the RETURN key has
been pressed, thus entering the new line. The final line in the
listing is the READY message, and this is detected by line
63940 which concludes the merge.

Baudprint from machine code

As BAUDPRINT-MC contains all the necessary housekeep-
ing routines to maintain the printer, it is possible to use it
directly from other machine code programs, dispensing with
the BASIC section. Firstly, all of the data in the setup area
must be transferred to memory. The SDC (not ASCII) of the
character to be printed is then loaded into the accumulator
and the print routine invoked by a JSR49213 instruction. You
will also need JSR50643 to call a carriage return and line feed
sequence and JSR50621 to call a line feed only. If you don’t
use JSR50643, Baudprint will automatically call a carriage
return and line feed when the LCC reaches the currently set
printer line length.

Back to setup

Having covered a few of the operating options, we will return
to the setup area and tie up a few loose ends. Line 63510
POKESs the printer line length into the machine code prog-
ram. The default line length is set at 69 characters to make
maximum use of the printer page width. If you need a nar-
rower format for any reason, just change it and all the check-
ing operations will follow the new value.

The last option you should know about is listed between
lines 63550 and 63580. This enables the line feed and Baudot
EOT characters to be selected by graphics and will be of most [>
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use to RTTY (radio-teletype) users. A horizontal bar (a shifted
asterisk) sends a line feed and a large cross (a shifted positive
sign) sends the “stop” or EOT symbol. If you are processing
programs which contain these graphics characters, you can
disable this option and have the SDC codes for the characters
printed instead.

Note that in Commodore SDC there are two possible values
for a space: 32 and 96. The former is a normal space and the
latter (a shifted or Commodore space) will be printed as
..SDC-096..

Using Baudprint with a disk drive

If you are using a disk based machine, you will need to
make the following alterations to the BASIC listing:

Firstly, change the program title by re-writing line 59900 to
READ: 59900 REM + BAUDPRINT (DISK VERSION) +

. Next, alter the OPEN statements in lines 62000 and 63900

so that they read : OPEN2,8,2,“0:FILEPRINT,S,R”

Change the GET statements in lines 62020 and 63920 from
GET#1 to GET#2

Change the CLOSE statements in lines 62130 and 63960
from CLOSE1 to CLOSE2

Change line 63660 to:
63660 LOAD*BAUDPRINT-MC”,8,1:GOTO63480

Finally, delete lines 63670 to 63690 inclusive.

When preparing files of listings to be accessed by Baud-
print, LOAD the appropriate program into the C64 and then
enter the following:

OPENS,8,8,"“0:FILEPRINT,S,W*:CMD8:LIST

After the cursor returns, enter CLOSE8 and when the disk
activity light goes out, use RUN/STOP and RESTORE.

Use LOAD“BAUDPRINT"”,8 followed by RUN to set Baud-
print in operation. The machine code will be LOADed from
within the BASIC program. If subsequent errors are detected,
the code will be automatically reloaded in lieu of any warn-
ing message. D>

BAUDPRINT DEMONSTRATION PROGRAM

100 REM A DEMONSTRATION PROGRAM TO ILLUSTRATE THE USE OF THE 'GET’
110 REM STATEMENT TO ENTER MULTIPLE-DIGIT NUMBERS, AS AN ALTERNATIVE
120 REM TO THE ' INPUT* STATEMENT.

130 REM

140 PRINT..QQ...0CH.0seCDousaCDuuteCD.u.oCRueuuCR....CR..PLEASE ENTER
A THREE-DIGIT NUMBER..QQ..

150 PRINT,.QQ..+.CDeuseCR.o..CR....CR. . WITH A VALUE BETWEEN S AND 955

0esQQe.
160 PRINT,.QQu.«.CD.ussCDeve.CR.4oCR....CR..BE SURE TO ENTER ALL THR
€E DIGITS..EM....QQ..tPRINT SPc(20)..oo ...SDC-099....5DC-099..¢

9 .SDC—O96....SDC—O99....SDC-O99....SDC-O99. ++SDC~099..&

170 PRINT $ C(l?)..QQ....CD «CD....RN.. «oRF....QQ..tPRINT SPC(
17)..QQ....RN.. soRF....QQ..:PRINT SPC(17)..QQ....RN.. 56174
..CU....QQ..

180 POKE198,0

190 GET A$1IF A$=,.0QQ....0QQ.. THEN 190

200 H=ASC{A$)sIF H..LT..48 OR H.,GT..57 THEN 190

210 PRINT SPC(18)..QQ....CU....RN....QQ..A$

220 GET B$:IF B$=,.QQ....QQ.. THEN 220

230 T=ASC(B$)siF T..LTV..48 OR T..GT..S7 THEN 220

240 PRINT SPC(19)..QQ....CU....RN....QQ..B$

250 GET C$:}F C$=..QQ....QQ.. THEN 250

260 U=ASC(CS$):IF U..LT..48 OR U..GT..57 THEN 250

270 PRINT SPC(20)..QQ....CU... RN, ...QQ..C$

280 V=100..AS..(H-48)+10..AS..(T-48)+(U-48)

290 IF V..LT..5 OR V,.GT..955 THEN 140

300 FOR T=1 TO 7503NEXT

310 PRINT..QQ.¢.0CDuusoCDuesaCDoueaCDuusaCRuuoCRL L. CR. L. CRL,L.CR.
YOU ENTERED..QQ,.V¥..QQ....SC.. THIS VALUE 1S5..QQ..

320 PRINT SPC(6)..0Q. .. .CD. . WITHIN THE ACCEPTABLE RANGE...QQ..
330 FOR T=1 TO 45003NEXT:GOTO 140

READY,

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG
ABCDEFGH | JKL MNOPQRSTUVWXYZ 0123456789 £38'()+,-./:=?®
RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYR

DEC

49200
49288
49216
49224
49232
49240
49248
492356

49264
49272
492808
49288
49296
49304
49312
493290

49328
49336
49344
49352
495360
49368
49376
49384

49392
49490
45498
49416
495424
49432
49449
49448

49456
49464
49472
49480
49488
49496
49504
49512

49520
49528
49536
49544
49552
495690
49568
49576

49584
49592
45600
49608
49616
49624
49632
495649

49648
49656
49664
49672
496890
49688
49696
45794

49712
49720
495?728
49736
49744
49752
497690
49768

HEX

ca3e
ce3s
Cce4qo
ce4s
cese
Co58
Co60
ca68

cerve
cers
cese
cess
cese
Cce9s

cens

CcoBe

cess

coce
cecs
cabe
CcaDs
Ceee
CeEs

CoFe
CoF8
Cioe
ci98
C119
Ciis
C120
ci28

C139
Ci38
Ci149
C148
C130
CiSs8
C169
Cc1i68

Ccive
civ8
cise
ciss
C199
Ci9s8
C1RO
CiRB8

CciBe
CiB8
Cico
cics
cioe
Cci08
CiEe
C1iEB

CiF9
CiF8
C209
czoes
c210
c218
Cc220
c22s8

C239
ca38
C240
Cz48
C259
Cc258
C269
Cz68

HE>X MEMORY DUMF

TBRUDFPRINT—MC~

S5
89
se
cé

o4
Do
e3

33

c9
14
De
e3
4C
83

c?
cs

De
o3
4C

(7

c9

(o]
e3
4C

cs
-]

(o1}

4C
S1
cs
cs
36

(o]
23

81
cs
c9

D2

e3
ac
c4

c9
S0
De
23

4C
2C
cé
74

20
290
208

HEX. CONTENTS OF MEMORY

2A
ee
cé
co
e3
De
23
4c

cz
(-]
13
(o]
e3
4C
79
cz

cs
ic

23
4C
cs

c9

25
(o1}
23
4C
14

c9
2D

e3

4B
cs
c9
35
De

23
4C
7B
cs
3D
be
23

BE
[o:]

93
23
4C
iF
cs
cé
74

28

F@
AD
c9
82
De
e3
4C
CF

cé
c9
eR
De
e3
4C
d'F
Ce

c9
12
e
e3
ac
6F
c?
co

1A
De
e3
4C
C18
(7d
c9
24

D9
23
4C
2E
Cc8
c9
2C
be

4C
?5
cs

3C
(o]
23
4C

cs
c9
B84
(3%}
28
Cé

GF
39
81
De
23
4C
CcS
cé

co
89
(o2]
e3
4Cc
15
c?7
cs

11
(o)
e3
4C
65
7
cs
19

Do
e3
4C
B4
c?
c9
23
oT)

23
4C
28
cs
cs
2B
(o1}
23

6F
cs
Ccs

(o1}
23
4C
B4

c9

Ca
c9
7C
(3%}
89
29

45
ce
be
23
4C
BB
cé
co

es
Do
e3
4C
eB
c?
cs
1e

De
e3
4C
SB
c?
c9
18

4C
FB
cs
Ccs
2R
(o1}
23
4C

cs
c9
3A

23
4C
A?
cs

DD

20
iD
c3
4C
ee

e
(o2}
e3
4c
B1
cé
c9
e7

be
e3
4C
81
c?
co
GF
De

e3
4C
S1
e
cs
17
(o]
e3

4C
Al
(c 7d
cs
21
D2
23
4C

F5
c?
c9
29
Do
23
4cC
33

c9
39
(o1*]
23
4C

cs
c9

Do
20

Do
20
78
29
28

e1
e3
4C
A?
cé
c9
86
(o3}

4C
47
cz
c9
16

23
ac

97
c?

29
D2
23

BF

c7
c9
28
(o1}
23
4C
2D
cs

38
(o]
23
4C
54
cs
c9
49

Do
23
4C
DE

cs
D2
(o]

23
c3
2D
66
c2

29

e
4C
SD
cée
co
25
De
e3

3D
c?
cs
15

23
4C
8D

c7
c9

D2
23
4C

c7

c9
27
(o1 ]
e3
4C

cs
co

4C

20
20
c3

290
20

CHECKSUM

4208
1129
2117
317e
4237
5119
6216
7119

987
2146
3287
4187
4918
5840
6576
7396

816
1791
2779
3598
4616
S440
6348
7332

10863
2140
35S
4162
Sa78
€975
7236
8397

1179
2185
3129
3875
4701
5497
6474
7459

838
1845
2634
3543
4450
3483
€524
7426

1963
1928
2873
3884
4980
6891
7971
8211

968
2016
3254
45190
5781
7983
8195
9116

1017
1799
2718
3611
4545
5377
5377
5377
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49776 cz27e 90 00 ©0 ©0 ©8 ©0 00 00 (-] Se416 C4Fo C3 60 20 18 C3 20 18 (3 793

49784 cars 8D 10 C3 A9 30 8D 411 C3 92 So424 C4F8 20 18 C3 20 18 C3 20 18 1351
49792 czso0 8D 12 C3 8D 13 C3 A2 00 1793 Se432 c3ee C3 20 2A C3 20 3C C3 68 2198
495800 c288 E8 EE 13 C3 EC 10 C3 F@o 3164 Se440 cses 20 18 C3 20 2A C3 20 2A 2792
495808 C250 27 A9 3A CD 13 C3 FO OR 4099 S448 C310 C3 20 2A C3 20 18 C3 20 3339
49816 c298 A9 3A CD 12 C3 FO OE 4C S074 Se456 cS18 18 C3 20 3C C3 60 20 18 4197
49824 C2A® 88 C2 EE 12 C32 A9 30 6D 6213 50464 C